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APPENDIX B 

TERMINAL CLOSURE TRAJECTORY ANALYSIS PACKAGE 

SUBJECT: Preliminary Orbiter to Space Operations Center (SOC) Terminal 
Closure Trajectory Analysis 

ABSTRACT 

This data package presents a description of the groundrules and procedures 
that evolveo in simulating Shuttle Orbiter to Space Operations Center (SOC) 
docking. Also presented and discussed are the High Fidelity Relative Motiw) 
Program (HFRMP) results derived from the simulations. The current simulation 
technique evolved as the study progressed through experience gained in using 
HFRMP and by a better knowledge of astronaut activities and hardware limita- 
tions of the Orbiter. It is probably far from complete and changes and rule 
exceptions will invariably take place as higher fidelity studies are made. 

The drawback of this study and HFRMP is that it is not a real time simulation; 
that is, it does not have a "man-in-the-loop" capability. The method used 
here is to start the Orbiter at some stand-off distance from the SOC, make 
translational bums, and let the Orbiter coast in "ballistlcally." It is felt 
that, in most cases, if the Orbiter can dock this way, it can do at least as 
good with a "man-in-the-loop.” This is not Intended to be an all encompassing 
study; there is a near infinite nunber of docking scenarios and parameters to 
vary. This study touches upon a number of the major variables, and serves to * 
produce, with some degree of logic and order, a workable guide for some 
preliminary conclusions and future studies. The i^ort^t conclusions are 
that out>of-plane docking is difficult, and that V and R dockings are 
marginal. This is true even at minimum distance and with a reduced number of 
thrusters firing to reduce the granularity of the impulse Imparted. Appended 
to the end of this report are the results and the graphical output of the 
HFRMP computer runs. 

I. STUDY CBJECTIVES 

The purpose of this study was to explore, in a preliminary fashion, the 
feasibility of Shuttle Orbiter docking to the Space Operations Center (SOC) (A 
NASA concept design space station for the late 1980s.) SOC is depicted in 
Figure 1. Specifically the task was to simulate the in-orbit relative motion 
of the free-flying Orbiter and SOC, accounting for the Orbiter RCS and Digital 
Autopilot (DAP) systems, orbital mechanics, center of gravity (c.g.) offset of 
the Orbiter docking port, aero and gravity gradient effects, and other 
F>ertlnent natural and man-made phenomena. 

Within this task, many basic assumptions can be made as to initial 
conditions. Since there is no specified flight path and procedure for 
docking, terminal closure sensitivities have been investigated. First order 
effects investigated are: Orbiter approach direction (^-bar, +V-bar, +V-bar 
out of plane; see Figure 2 at the end of the report); Orbiter approach 
attltuoe (nose up or down (+V-bar), payload bay up or down (^-bar), both in 
plane; Orbiter sideways (♦\Ajar), out of plane; DAP thruster compensation 
mode; final ballistic docking distance and time to dock; rate and excursion 
attitude deadbands; and selection of various thruster combinations (differing 
from nominal) for translational pulses. 
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A. Dock 


Scenario 


The main tool used to simulate Orblter docking was the High Fidelity 
Relative Motion Program (HFRMP). This progrKi models the relative motion 
of the Orbiter and a payload (or SOC) and outputs orbital and relative 
motion parameters. The location and force components of each of the 44 
RCS thrusters are contained in program. They are used to model the 
Orblter translational and rotational maneuvers currently possible, along 
with propellant consumption. A thorough description of ^TRMP and 
references to its mechanization ax 3 contained in Reference 1. 


The docking scenario used is as follows: the Orbiter begins at the same 
inclination (and the same altitude if it is a V approach) as SOC, 
approximately 3,000 to 5,000 ft. away. In a series of three or four 
lffl(xjlsive bums the Orbiter "hops" (see Figure 1) along its velocity 
vector until it reaches its terminal closure distance, approximately 50 
ft. along either V or If. From there, a combination of thruster bums is 
made so that the Orbiter "balllstically" coasts until docking. There are 
no pre-dock "man-Jrt-the-loop" correction bums, with the exception of an 
optional mid-course rotational correction. Due to the time allocated to 
finishing this task, and because the propagation of initial aV errors 
during terminal closure determines a successful docking, only the terminal 
closure portion of the scenario was simulated. Reference 2 provides 
information on the "hopping" portion of the approach. 


B. Initial Conditions 


The simulations performed were started with the face of the Orblter 
docking port at distances of 50 and 30 feet from the face of the SOC 
docking port. The face of the Orblter port was taken to be at 
X» = 620", Y» = 0", Z» a 515" in structural body coordinates, 
with a diameter of 76 inches. HFRMP state variable inputs are appended to 
the end of the report in Table 1, along with all other figures, tables and 
HFRMP graphical output. Most of the inputs are self-explanatory; those 
that are not are explained below. Payload mass properties selected 
(Shuttle Data File items 1-7) were from Mission 1 (due east, 28.5 
inclination) in- Reference 3. The Orbiter time event is pre-payload 
deployment, payload doors-open. The SOC c.g. is in a 200 nautical mile 
orbit at 26.5 inclination. The symmetry of SOC is assumed to be such that 
the cef terline of the docking part passes thru the c.g. and that the 
center of the docking port is only displaced from the c.g. along its 
X-axis. The c.g. of the SOC is assumed then to be on the face of the SOC 
port; for HFRMP purposes the docking results are unaffected. Figure 3 
shows the c.g. offset of the docking face, the body axis coordinate system 
(Xh, Y(j, Zk), and the docking coordinate system (X^, Yjj, Z^j). 

The jcenterllnes of the Orbiter port and SOC port are on the same V for 
♦V docking with Xk parallel to the radius vector, R (nose up or down) 
and Y|^ perpendicular to the orbit plane. The c.g. is therefore offset 
above or below the orbit path of the SOC. 
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For 17_docking, the centerlines of the Orblter pert and SOC port are on the 
sane R separated by the initial Cocking distance. The Orbiter Yk axis 
is perpi^icular to the orbit plane and parallel to the velocity 
vector, V of the orbiter (payioad bay or down). Ttie c.g. is then 
displaced forward or aft of R. For sideways docking the centerlines of 
the two ports are both initially along the velocity vector of the SOC . 
c.g. This means the shuttle c.g. is displaced out of the orbital plane of 
the SX: it has a slightly different orbit inclination. The axis is 
perpendicular to the orbit pla'te and the axis is parallel to IT. j 

The c.g. offsets are needed because of the astronaut requirement to see 
the SX clocking port directly above out the upper cabin windows. The 
Shuttle and Payload I-states are the only hfrmp program files that must be 
updated for different approach paths. Items 9-11 of both files control 
initial attitudes of the Shuttle and payload respectively. Items 2-7 of 
the Payload 1-state control Initial displacement and velocity of the 
payload with respect to the Orbiter. The Inputs shown are for a 50 foot 
-R terminal closure approach. Not shown are the flight profile segments. 
They are input segments of time for the flight during which RCS (vernier 
or primary) firings can be commanded, attitude holds specified, and RCS 
thruster compensation modes specified. , A segment commanding a -Zh 
primary thruster bum was foliwed by a segment commanding a -Xk thrust. 
Both bums were for less than a second and gave the desired aV's. They 
were followed in some cases by a segment commanding a primary pitch 
correction bum, followed by a drift segment until docking. Another pitch 
correction segment during draft is optional. If docking sideways was 
being attempted, a -Y^, thruster firing in the beginning would be added 
along with segments for yaw and roll corrections. The aVs required for 
the docking and the relative velocities of the payload with respect to the 
Orbiter were obtained by runniiig the relative motion program in 
Reference 4 before running 

C. Simulation Model 

HFRMP is not a real-time program capable of making "man-in-the-loop" 
calculations. For example, during docking, if the astronaut sees he will 
miss the dock by a few inches, he would command corrective pulses to 
control the error. However, this cannot be known ahead of time using 
HFRMP and thus cannot be corrected in this way. These kind of errors must 
be accepted as "dispersions" and weighed against whether a real time 
"man-in-the-loop" capability could correct them. That is why all the 
HFRMP docking terminal closure runs are "ballistic" or unguided after the 
initial burns. It was felt that if a fair nunber of docking runs met the 
docking conditions, then a man at the thruster controls could certainly 
make any corrections necessary. 

Additionally, there was the problem of simulating the digital autopilot 
(DAP). The computer sampling rate is 80 nllllseconas. ^y commanded burn 
is then a multiple of 80 milliseconds. The worst error occurs when the 
required firing time is slightly more or less than some multiple of 80 
milliseconds. Then, the computer will fi:* • approximately 80 milliseconds 
too long or too short. 
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Therefore, the thruster firing times used for dispersions are the "ideal” 
-times necessary to achieve the exact sV's plus or minus 80 
milliseconds. The ideal firing times come from solving simultaneously the 
coupled thrust equations for all the translational and rotational 
commands. Th coupling coefficients are obtained by exercising a HFRHP 
auxiliary program that outputs the "response matrices." As explained in 
the paragraph after next, the primary thrusters are not symmetrical about 
the c.g. and do not thrust through the c.g., causing unwanted translations 
and rotations which may or may not be compensated. Firing time errors in 
multiples greater than 80 milliseconds must be investigated in later 
studies. 

The RCS thrusters can 'be used in either the vernier mode (6 thrusters), or 
the primary mode (38 thrusters). When one set of Jets is used, the other 
is disabled. The vernier Jets have a very low level of thnjst and can 
only be used to control attitude. The primaries also have this ability 
but with lesser accuracy and larger deadbands. The verniers cannot be 
commanded to impart translations. Therefore, the primaries must be used 
at the beginning of the terminal closure for translational bums. This 
means that to use the verniers for rotational corrections, the control 
mode must be changed by computer entry, which could be done in a short 
time by a second man. A^ltionally, with a ”man-in-the-loop", the 
astronaut would tend to make iterative minimum impulse (.08 second) 
translational burns until docking. Because of this and because of a 
possible emergency which could require large translational bums 
immediately to prevent collision, the astronauts would be very reluctant 
to switch thruster modes, especially since it takes more than a few 
seconds to key in the computer entries. For these reasons, the primary 
thrusters are used for all RCS thruster bums in this docking simulation. 
To date, NASA has used this approach for Orbiter Remote Manipulator System 
(RMS) am rendezvous and grappling simulations. 

A compensation mode for the primary thrusters exists (Reference 3) that 
nulls out extraneous translations and rotations for a given translational 
or rotational command. The firing time of the compensating Jets is 
generally one-tenth the firing time of the command and maneuver Itself. 
Since the rotational or translational commanded firing time is only a few 
multiples of 60 milliseconds, it follows the corrective pulses probably 
are not possible. The simulations performed in this report are therefore 
all completely uncompensated. The coupling effect of translation and 
rotational coinnands becomes a major 'effect in the simulation. 

III. SUKMARY AN3 CONCLUSIOhS 
A. Summary of Results 

The results discussed here are appended on the end of this report. The 
graphical HFRHP output for each simulation is also included. The results 
are summarized in terms of the shuttle docking coordinate system, centereo 
on the face of the Orbiter docking port. This is shown in Figure 3. 

Table 2 shows the docking design Impact conditions specified for 50C 
operations. These are the conditions that must be met for a "successful” 
docking. Tables 3, 4, and 5 sunmarlzes the docking results. There are no 
-V cases because they are mattiematically the same as -fV. The cases are 
labeled in the following fashion: 1.2. 5. 6., etc. Table 6 summarizes the 
numbering code. Additionc Uy, the Ideal time from start of closure to 
docking is 1.8 minutes for 30 ft. approaches and 3 minutes for 50 ft. 
approaches. These times were selected to get a contact velocity of about 
0.33 ft./sec. 
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Host of the headings in Tables 2, 3 and 4 are self-explanatory. The 
firing tines shown are the ideal times to achieve a perfect docking for 
tne X or Z tnnisters «80 milliseconds. The post bum aV's are the 
&V's achieved inmediately after the Initial terminal closure firings 
(translational and rotational) but before the midcour^ corrections (if 
any). 

Observing Tables 3, 4, and 5 and comparing to Table 2, the critical 
docking condition is lateral misalignment. Successful cases are 
indicated. All the other docking conditions can be met easily, if a pxtch 
deadband is maintained (HFRMP lacks the automatic capability to simulate 
limit-cycling deadband behavior). For Tables 3 and 4, nine cases are _ 
suxessfiil; 19% of the 30 ft. +V cases. For Table 4, 25% of the 50 ft. fT 
cases ana 50% of the 30 ft. TT cases are successful. Note the success rate 
is doubled by approximately halving the closure distance. This is to be 
expected as it gives the initial errors only half as long to prc^gate. 

The success rates at 30 ft. for 7 and IT approaches cannot brj compared 
directly. Since the V cases had higher_lnltial pitch rates, they needed 
more pitch corrections. Also, all the R cases used a single nose thruster 
to provide X(} thrust; 44X of tne single nose thruster, pitch rotationally 
corrKted 30 ft. 1.8 min. V cases were successful; SOX of the 1.8 min. 30 
ft. R cases were successful. Interesting to note is the effect of one 
primary nose thruster (F3F) vs. two (FIF, F2F); only 8X of the 2 thruster 
V cases were successful as compared to 29X of the 1 thruster V cases. One 
thruster firing and missing its ideal time by .08 seconds gives a aV 
increment closer to the required value than two thructers each missing 
their ideal time by .08 seconds. 


All except one of the successful docking cases in Tables 2, 3, and 4 occur 
when both the Zh and Xi^ thrusters bum either 80 milliseconds too long 
or too short. These cases are virtually split between long or short. 

Tills makes sense because when one set of thrusters fires too long and the 
other too short, the error is effectively twice that o^' when they both 
fire short or long. Approach attitude appears to have little effect in 
terms of aero drag, or gravity gradient, as long as the orbiter is in a 
stable or semistable. attitude (one principle axis along R or V and one 
perpendicular to the orbit plane) because of the short docking times 
involved. Thiis was proven early in the study by making identical HFRMP 
docking runs from 50 ft. with a^ without full aero ana gravity gradient 
effects. The only dlscernable effect was a difference in lateral 
misalignment of 0.1 inches. 


However, the offset of the c.g. from the Orbiter docking port causes 
orbital mechanics effects, particularly in the sideways approach case (to 
be discussed later). The c.g. is displaced approximately 39 ft. from thie 
port along the X^j axis. When the astronaut targets the SOC port he 
lines it up with the Orbiter port so he can see it out the windows on the 
top of the cabin. Therefore, depending on the approach attitude, the aV 
requirements will be different because of the way the c.g. is oriented 
with respect to the port. The astronaut has to be aware of this. An even 
bigger problem is Orbiter rotations. The astronaut in the cabin cannot 
perceive a difference between Orbiter translations and rotations because 
he is so far from the c.g. The solution for this would be to keep a very 
tight angle deadband. This approach was not desired during the simulation 
because the translations imparted during .08 second pitch corrections can 
make tiie leteral misalignment worse. Also, the allowed 6 degree pitch 
misalignment docking condition in Table 1 permits large deadbands. 


Simulating tight deadbands to make the analysis more complete could be 


done in a follow-up study using HfTIMP. 
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Some deadband Infoimatlon can be gleaned from this study, however. Tables 
7 and 8 show the maximum Orblter attitude errors and equivalent deadbands, 
respectively. Table 7 shows the largest rate and angle excursiom per 
case from the Initial terminal approach attitude. Yaw rates and arises 
are not shown because they are essentially zero. Notice how roll errors 
are very small also and probably do not retire correction. The deadbands 
shown In Table 8 are derived by equating pitch corrections to deadbanding 
behavior. For applicable cases, a rounded-off value from Table 7 is 
listed In Table 8 as a rate deadband If It occurs at the beginning of the 
run and as an excursion deadband If it occurs halfway thru the run. The 
roll values were so low that as before, they were excluded. The runs 
listed in Table 8 have rate deadbands of approximately .05^/sec., and 
excursion deactoands of roughly 3 degrees. If HFHMP had full attitude hold 
capabilities ( it can only simulate the amount of propellant used in 
attitude holds), the runs probably would not be significantly different If 
these deadbands were used. The rate deadband wouldn't be realistic 
however, because according to Reference 5, the minitnjn rate deadband with 
primary .lets, is 0.2 degree/second. Then probably all attitude control 
during terminal accroach would have to be accomplished using small (1.0 or 
less) pitch excursion deadbands. Vernier Jets are capable of rate 

deactt)ands as low as 0.01”/sec, but c£:nnot be used because they are ; 

disabled when the primary mode Is Initiated. . 

An Interesting effect occurred on all nxu because of the sV component | 

Imparted in the direction when firing the -Z(, direction I 

primaries. On runs with Initial attitudes set up su that the tail (•»’)^) | 

primary thrusters would provide the impulse velocity needed along the 

X axis (-i-V, nose oown for example), the -Z(, primary thruster firing 

yielded more Impulse along -fX than necessary. Therefore, the nose ! 

primaries had to fire, instead of the tail primaries, to de crease the | 

impulse along the X axis to the correct level. The same T^ppened in all ' 

other cases, becaus.'' the initial attitude was selected so that the open 

pa/load bay and Orblter port faced the SOC port. Most of the AV 

Increase is required in the -Zk direction; therefore, the 

component of thrust due to a -2 conntand builds up due to the relatively 

long firing time of the primaries in the -Z 5 Direction. Figure 4 

illustrates this for 7 docking scenarios, for one and two nose thrusters, 

versus terminal docking distance. The time to dock has been normalized 

out of the plotted data by requiring an axial docking speed of about 0.33 

ft. /sec. At approximately 53 ft. for the nose down Orblter, the X^ 

thrusters do not have to be turned on because the -Z^ primaries 

contributes enough >X^ thrust. For a greater distance they do not 

provide enou^ thrust so for nose down cases the aft thrusters have to be 

used. For a nose up Orblter, the -Z^ thrusting provides 4-X5 impulse 

in the wrong direction, so that the nose thrusters always have to null out 

this aV besides providing the aV of opposite sign for docking. This 

is why the nose up case curve never crosses the horizontal. The curves 

for other approach cases are about the same. 


The sideways 7 docking cases are presented in Table 9. They are presented 
here separately because they were not analyzed as thoroughly as 7 and R 
cases and because the procedure involved in sideways V docking requires an 
extra out-of -plane translational bum and extra rotational burns. The i 

Orblter is initially sideways with Its port lined up In the SOC's orbital > 

plane, and with its velocity in the Xjj direction initially zero. This < 

requires an orblter orbit with a slightly v.t,,.erent Inclination because ^ 

the c.g. is not in the same plane as SOC. Whether this initial position - 

can be established accurately before the terminal closure begins remains \ 
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to be established. The Qibiter c.g. cannot be in>plane initially, because 
then the c.g. has to move out-of-plane during terminal closure. The 
Orblter port would be lined up with tne SOC port at impact, but the 
lateral v'^locity for ballistic closures would be nearly twice the maximum 
allowed value. 

Two In-plane burns are required (-Z^, , -t-Yk) identical to those 
required for a 7 approach. However, a third out-of-plane bum (-X^) is 
necessary to line up the docking ports at contact. Because of a lack of 
thruster comper'sation, the third bum is not independent of the first 
two. Three axis translational thrust coupling causes especially high 
rotational rates. A human operator would have difficulty in predicting _ 
the coupled reactions to a selected translational commarJ. Unlike V and R 
in-plane maneuvers which require only pitch corrections, sideways docking 
requires corrections about all axes, inducing addltioral errors. Table 9 
shows that at 30 ft., sideways docking is worse than >V docking at 50 ft. 
in Table 3. 

Finally, there was one problem that was identified but not investigated in 
this study. The astronaut has to know his distance from the SOC with a 
fair degree of accuracy. This distance is too short for radar. The only 
device currently on the Orblter that can be used is the Crewman Optical 
Alignment Sight (COAS). It would have a transparent overlay that gave 
distance as a function of the size of the image in the viewplece. The 
astronaut would then presumably look at a chart to determine how many 
thruster pulses to use for docking vs. distance. The accuracy of this 
system is in douUt, however. How would the COAS measure relative 
velocities, for instance? These questions must be studied by a simulation 
with Rian-in-the-loop capability. 

B. Conclusions 

The results show that a terminal docking approach should be started from 
as close to its target as possible. They also show that because the 
granularity of the thruster Impulse is less when one nnse thruster is used 
instead of two, the docking success rate is mucl: bett^.. However, even at 
30 ft., roj^hly minimum terminal approach distance, and with one nose 
thruster, V and R docking succeeds less than 50* of the tirre with 
optimistic initial conditions (thruster firing errors of 0 '<ly 80 
milliseconds, for example). Ballistic, out of plane, sideways V docking, 
appears to be nearly impossible from the small number of cases studied 
here. Translating in three dimensions with coupling between the impulses 
is too complex. 

From t^se results, it appears there is little accuracy difference between 
V and R docking. The use of one or another would depend upon the 
respective orbital paths of the two vehicles and the location of the SOC 
docking port. 

All the docking contact conditions are easy to achieve except the lateral 
displacement limit of +9 inches. The primary jets do not have very fine 
control in translationT 


From the results with and without aero drag and gravity gradient, it was 
proven they have almost no discernable effect on docking at the 200 n.mi. 


altitude range considered. It was also concluded that because of the 
large c.g. offset of the Orblter docking port, small deadbands of a degree 
or less should be used. 






A 

t 

X ^ 
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There is also the combined effect of thrust cross-coupling and initial 
attitude. The result is that for all the docking cases studied, the 
Orbiter axis direction thrust is provided by the nose primary 
jets and the ccmponent of the -ZL jets, but never with the aft OMS 
pod jets. This could lead to nr^ture propell^t depletion of tlie 
forward RCS tanks. 

This study has been preliminary in scope. This fact and the nature of the 
results lead to the final conclusion that more comprehensive simulations 
will have to be performed on Orbiter docking. 
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Figure 3 

ORBITER CONPICURATIOM FOR DOCKING SIMULATION ANALYSIS 
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gl.2. 


TWO [ 
THRUSTERS 
(FIF. F2F) 
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THRUSTER 
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DISTANCE TO DOCK (FT.) 
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r 
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' TWO THRUSTERS 
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ORIGINAL FACE 53 
OF POOR QJAi-lTY 


Tabu I 

. HFIQfP Input TlUa 


Bneloaur* I 



1 WEIGHT, 

2 

3 lYY 


2G1370.3C00 LB 
937453.1000 SLUG-rT* 
7254606.0000 SLUG-FT' 


5 lYZ. 

6 IZX. 


-1945.6000 SLUG-FT" 
295259.5000 SLUG-FT* 


8 CC STA . 

9 CG 3L . , 


1090. 30C0 IN 
C.ZOOO IN 


11 SENS02 STA. 

12 SENSOR BL.. 


14 SENSOR AXES PITCH, 

15 SENSOR AXES YAN... 


17 DAP CYCLE. 


620.0000 IN 
0.0000 IN 


.0000 DEC 
.0000 DEG 


80.0000 MILLI3 


P.AYLOAD DATA FILE 


ITEM DESCRIPTION 


VALUE 


1 WEIGHT. 

2 IXX 


4 IZZ. 

5 lYZ. 


7 IXY 

S CG STA. 


TARGET POINT STA 


13 TARGET POINT NL . 

14 DIAMETER 


0 3 LB 

BO SLUG-FT* 


».0 00d SLUG— 'T* 
O.OOOQ SLUG-FT* 

• ft .a ft. A _ 


0.0900 SLUG -FT* 
140.00Cn IN 


0 .0000 


w ip ro M il' M 1 L rj ro tp w w 










Eoelosara I 


OMGINR '. we ®,® 

0? POOR QUAL.l’t 


Caf.34 i . C 3-- &A=A f^ iU m 
ITEM EESCSIPTICN 


T«bl« 1 

HnCHP Input Flics (ConC'd.) 


VALUE 


-rt — ?L OT Tr pg ' - r wow c7 . t3 a y ,e i»i -V )-' ■ - r: i^ S BT ' ~ 

Z PLOT UNIT, PU (FT,XFT,NMI,M,KM) FT 

3 ' PLOT SCALE IS P'J/IN 

\ • < P >NCL W IOTi l- . . Ti - r . - T- . -i . ■ i ■; i t . ■ ■ ■ . 

5 Y »ANEL 'JIDTM 0.00 0 0 IN 

6 PANEL HEIGHT 6.0000 IV 

-9 X -N AX. ' .T. r -r r i- . -r- ; -:-; -- . -r ; i JO. 0000 t *-‘ J 

8 Y MAX 40.0000 PU 

9 Z MAX IS. 0010 PU 

■4-9 T t C-I N TE R- VAL i-i ft i t i i- i i ■ ■ i ■ i i i r ' l I - . I ■ I I I I I I tO-Py 

it LABEL interval 2 TICS 

12 PLOT PAPER SIZE <.LRG,REG) REG 


r'lME/ATM/GRAV FILE 


ITEM DESCRIPTION 


VALUE 



1 LAUNCH YEAR 1<»86 

■a L -A U N C: + M 9 NTII ^ J A N , fCD , MA R , . . . . . y H QV - .neC) 

Z LAUNCH DAY - 11 

4 LAUNCH GMT 1100.0000 HHMM . SS 

■S I N ITIAL -I IST - ■ , .60.0.., 00 00 

6 ATMOSPHERIC DENSITY FACTOR l.OOOO 

7 GRAV MODEL <N0RM,N0J2) NORM 

« — 9B A V- CRAP I EN T ( N QNE,FULL - > rr . . - , rn -r-r A4^t=fe 


SHUTTLE ISTATE 


item DESCRIPTION 


VALUE 


1 STATE TYPE <OMSO,IMLD) 
-3 — S N A 


3 ECC... 

4 INC... 

-S I A N . , . 


o 

•7 


ARG. . . 
TRA, . . 
-A W -S SF < 


? PITCH. 

10 VA4... 

-44 ROL L-, - I - 


12 .RATE PEr 

13 X0 RATE. 

-44 Y» R - AT e , 


13 ZB rat: 




<.M50 ,SLV) 




OM50 

i s a sv - 




O.GOOO 
23.5000 
— jooo 


DEG 

■DCC. 


0 0000 
0.0003 
SLV- 


DEG 

DEC 


0.0000 

0.0000 


DEG 

DEG 


A 


SLV 
0 . OOCO 
rt , 1 q .0 


DEG/SEC 


0.0000 DEC.'SEC 


1 

1 


i 

z 

I 


1 

1 

i 

i 

•» 

4 


j 


i 

1 


i 

i 

i 

! 
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Enelosur* I 


ORIGJNAL PAG” 

OF POOR quality 

Tabla 1 

HFKHP Input Filnc (Cont'd.) 


■ P -ft VtO ft e-I S TATE 


lE S CHI P TIfj N 


— G’rtTE TY P C ^ngLV,R S DY - > - . . n . . . ■ ■ ■ ■ i i - . i ■-. ■ v 

2 X 

3 Y 

. i j. I I I I I I I I I I I I I I I I I I I I < I I I i | I I I I I I I I I ■! I I ^ I 

5 XDOT 

6 YDOT 

? 2DQT ; > . r " I I ■ i 1 ■ I 1 » i . I ' t 4 1 I . . ~ i I ' < I I < i ~ i ' i .Ti ' 

8 ATT REF <PLV,SBY) . 

9 PITCH 

JA) YA.J .... . ■ . , — ^ 

11 ={OLL 

12 RATE REF (MSO ,PLy ,3BY) 

13 XB RAT£r - i - ri I I I I I I I I T- n I I I I I ' V 't T " ' t i i i i i i 

14 YS RATE •. 

15 ZP RATE 


n 



Vi ' - LVE 


;HfcV 

39.1920 FT 
-0.Q250 FT 

6 5 ■ P T 

O.J069 FT/SEC 
O.OOCO FT/CEC 
— OiO i TPQ FTi^SEC ' 
PLV 

-90.0000 DEO 

— C .00 3 0 r-ss 

0.0000 DEG 
PLV 

3 . 0000 PEG/SEC 

0.0000 DEG/ECC 
0.0000 DEG 'SEC 



4 


( 


TABLB 2 

DOCKING-DESIGN IMPACT COMDITIONS (IN THE DOCKING COORDINATE SYSTEM) 


0> 

I 

00 


AXIAL CLOSING TELOCITY (V 2 ) 

5 2 

LATERAL VELOCITY ( ) • 

ANGULAR VELOCITY ( 6^^* ♦ 8^^ + 6^* 

/ 2 

LATERAL MISALIGNMENT f Y^J 
ANGULAR MISALIGNMENT 


0.16-0.50 ft. /see. 
j<0.2 ft./acc. 

) <,6 deg. /tee. 

0.75 ft. 

£5.0 deg. roll (0^) 

£6.0 deg. pitch/yew (0^* 


®e> 


O Q 
**i 2 

•o Q 

O ff 

» p 

O TJ 

<= 5 ; 

PS 

3 k 


I 


t 


I 


I 

I 

t 

' i 

' t 


liliitaMitfiiaiiii 


Soaee tytiMii* Orotip 


0^^ 


’'ockwell 
I tematlonal 


/-I 







laeloaur* 1 


f ? 


Table 3 

30 f t . , 4^ Nose Down 1 .8 Minute Teralntl Approach Caae 
Exact AV'a Required i AV^ ■ .3430 ft./aec.{ LV^ “ -.0422 

Noae Priwary Thruatera Uaed for Tranalation 


1 

CASE 1 

■BbSIH 

Fuel 
Uaed ' 
(Iba.). 


Docking Paranetera VRT S3 Body Area Centered 

on SS Dock' | 

^dock 1 
(>ec.) 



( f t/aec^ 

ffgygral 


JxW, 

' Inchei, 

16x1 
(deg.) . 

iByi. 

(deg.) 

1 16x1 
(deg.) 

K9 

BBi 

■ ".li 


I.I.I 

Ti+.eg 

374.08 

19.1 

. OOA 

.31^ 

ii 0 

.530 

.024 


/4.^ 


3. oS 

. Ot 

1./. 1 

t:4.o6 

ry*M 

IV. i 

. oofe 

.3 21 


.1*? 

.033 

,czr 

u.f 

.rj 

/.9/ 

.01 

/./.3 

Tf t.o9 

f,' *.os 

n > » 


,1731 

m.o 

,UO 

.002. 

.08-y 

7.9 

. 4.7 

^.OC 

.02. 

l.l.i 

T;r,o$ 


> 7.1 

. 03/ 

.IW 

99. 9 

,3Vf 

. OO.T 

.o*/9 

/I. 3 

.V* 

4.37 

. 02 


r ,— .08 

Tf f,o8 

/P.8 

.03/ 

. 3‘«‘/ 

‘)7./ 

.a/"*. 

. o»9 

. 0/3 

24. 


3.43 

. 0 / 


ry-ot 

T,-*,0i 

/4,o8 

.0^9 

,2»^ 

/Ol.f 

,Z»3 


. o‘/0 

38.1 

Mg 

‘/./y 

.02. 


T;~.o8 

Ti-,0t 

/V. 1 

.010 

.z?r 

109.1. 

.279 

.on 

. oj-5" 

t.H 

.i/r 

jT.iy 

.03 


T;-,oj 

T.-.OI 

/V .8 

• 10 

.i?r , 

/I 9»o 

,3W/ 

, on 

• OoT 

1.1 

,92. 

3.18 

.01 


r,*-.c« 

T,' -.08 

13. • 

.0?t 

.2.19 

1 w.r 

.1'^ 

. OfX 

.035 

n.o 

.i7- 

H.S1 

.03 


n#.08 

rj-.o| 

/F,l 


.X60 

IIS’. A 

. 34 / 

.os 3 

.0H| 

//4.8 

.‘/9 

'/.VI 

.02 


T,' 4,88 

r, -,«8 

is.i 


.340 

/2fc. V 

.liH 

.OS-^ 

.030 

*//. 4 

.r7 

/. 20 

. OO 


TV*.«8 

T;-,oa 

l‘l.l 


.203 

153.? 

.i^S" 

./07 

.OW4 

ESI 

.73* 

?.30 

.03- 

/. r. / 

T74.08 

Tjr.oa 

ir.9 


.327 

90. .8 

. 330 

.0 28- 

.0 30 

^S9 

.39 

2.44 

.03- 

/, J. i 

T,t.08 

r. ^.08 

/f.t 

.ois 

, 327 

94. y 

.2P7 

.028" 

.031 

/. j 

.*/3 

,?3 

. 0 / 

/. S . 3 


T/ #-,08 

/(.f 

.0^0 

.rio 

fiz.o 

.349 

.091 

,.ost 

0 /9 

.Si 

4. 4s. 

.Ot- 

1 ‘ 6 1 1 

T{-t,o% 

T--.03 

»V.^ 

.010 

,iCo 

lu. 9 

.X60 

.onu 

.osy 

2 /. J 

.31 

h.HO 

. 0*3- 

1 - c> z 

r; t,ou 

1, ~.oi 

ir.i> 

,0<-l0 

. 2U0 

I1L.S 

.2/4 

.CHI 

.Oil. 

39.3 

,45' 

.Vi 

/O / 

1.6.3 

Ti-t.os 

T’-,0S 

;.1,9 

.040 

.Zoo 

!S0,X 

. /yo 

.lOX. 

•o‘/9 

34*'/ 

. 6 / 

9.48 

,03. 

1 . >.l 

T /-08 


»4, 3 

.016 

,3-70 

m. V 

.2Jfd 

.03.4 

, 6 */r 

?.3 

,23 

r-Bv 

,03. 

/ . ? . 1 - 

T;-.08 


IS~.I 

.CIO 

. 2 FD 

/30.<) 

.130 

,03A 

.OI& 

t.s- 

• */3 

.91 

.Ot.' 

/. T . 3 

■^,*-.08 

t;-.« 

12. H 

.oSO 

. 2/0 

/Wl. 0 

. 100 

.07X. 

.043. 

e.S" 

.5? 

U,IA 

>03. 

/ ^ . 1 

T; 08 

T, /,OS 

»?. 3 

.030 

,'iiO 

P2. 2. 

.BMO 

. 00 / 


9't 

.3r 

3.00 

.03- 

1 «.n- 

'1 ; -,o« 

T/ -..Ofi 

/» .< 

,010 

,3>0 

99.'/ 

.■^00 

.029 

.02*/ 

il.S* 

# W5" 

1.31. 

.01 

/. «. 3 


T; f,08 

/4.3 

. 0A3 

,A3| 

/ 0 

. 191 

,ost 

.OS! 

n.i 


X.91 

,03. 
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30 fc.. 
Exact AV 


♦ V Note Up, 1.8 Minute Termintl Approach Caae 
•a Requiredi AV^ - .2098 ft./aee.; AVjj - -.0258 

Noae Prleary Thruatera Used for Tranalation 


CASE 1 

firing tine 
(•PCj) , 

Fuel ' 
Used ' 
(Iba.) 

Poat Burn AV*a 
(ft./acc.) 

Docking Paranetera WRT S3 Body Axea Centered 

on S3 Dock | 

^dock 

iaer.,) 

/ft/aec 


i4‘.^e* 

/MC.I 

/xSy» 

[incheal 

; 16x1 1 
Ideg.) 

I6yi 

<deg.) 

f iaii 
(deg.) 

D| 

-^bl 


"""ft 

A.i . ; 

r/ i,ce 

r/ f.Ai 

/V/O 


.3X9 

na-s 

. 37.9 

.0 70 

,0X0 

70.8 

. j/ 

7 .88 

/<>/ 

2.1. X 

Tl f.OA 



-OSff 

.319 

IT. 9 

. 281 

. 030 

.OJO 

12.9 

.3¥ 

.97 

.00 

. 

T.-t.ot 

Tit -99 

13. 0 

. OOt 

.796 

II/. 0 

.291 

-DOJ 

.osB 

?-e> 

.V 8 , 

9.09 

. 0 / 

2. X. 1 

T;-.0g 

r, t.og 

f3<0 

.033 

. 3‘/Z- 

99. i 

,331 

.CS^ 

.offs’ 

/*/.3 

. 20 

3.98 

.0/ 

2. X. 2. 

r/ -.ON 

T,* t Of 

<3. F- 

.033 


ix*v 

. 3on 

. 0 90 

. 0/9 

23./ 

. 73 

2.76 

.0/ 

2. 7 . J 

T-'.OS 

'Tft.cs 

17,0 

Oi»-l 

.itr 

!bS,S 

. 29X 

.0»H 

.0*11/ 

^9,h 

. */3 

V, 95 

,07. 

3 .3. 1 

r;-,os 

T;-6t 

t6,0 

. 0/3 

x/fr 

loH-l- 

.2A8 

.039 

. ox/ 

10, 9 


X.XX" 

. 01 . 

J. 3. 1 

T;~.0$ 

r-,-.ot 

19. ?. 

.orv 

.293 

111, 6 

. 230 


.010 


.20 

3.x/ 

. 0 / 

P.3.3 

V-.og 

T;~.0f 

9.6 

.9JTH 

, 29J 

138. H 

.919 

. 00 *# 

.038 

31.0 

.HI 

S-.7S’ 

.07- 

3.‘ 1 

Tf*.cA 

T/ 08 

/l<0 

. epO 

.1X8 

/1 3. 8 

.2A8 

.OOH 

.039 

XI. t 

• 79 

H.3B 

. 0 ) 

2. W, X- 

Ti*.as 

T/-.08 

n.f 

. O 1 -V 

.tol 

|‘1.6 

,Vt9 

.ofk 

.010 

11 .*/ 

.25 

3.S0 

. 0 / 

>3 

Tf*.o» 

T; -.0# 

,lt.O 

.0/3- 

,%ot 

/V?./ 

,70? 

. 0/8 

, 0 X 0 


. */*/ 

9/88 

0 ^ / 

a. r .1 

Tf t,oi 


|3.^ 

,0U9 

.37? 

1/.A 

.32A 

«021 

.07-9 

10,%. 

BSfl 

2.*/1 

.01 

a, 5’.2. 

V i.ot 

T. 

fH.r 

.Oli 

.290 


. 2 f? 

.031 

.031 

1.9 


.xo 


P.5. J 


T; T.OI 

IX. ? 

.011 

.290 

III. V 

.293 

• Oil 

,010 

11.3 


8,19 

.01 

P. A. / 

Tf.Oi 

T; <.08 

13, z 

. ojr 

. 33f 

11.0 

.319 

. Oil 

,97C 

9.9 


J. 1 I 

.01 

a. 2 

r ;-.08 

7/ f.oj 

lH-6 

.OAT 

.33H 


.211 

.Oil 

, 07X 

/8.S 


1.7*/ 

.01 

a.(. 3 

n -.01 

T- f .01 

9.0 

«0l A 

.179 

lot. 3 

,290 

.03*. 

.033 

-lO.H 


X. 82- 

»Ol 

;i. t,i 

7/ oy 

T,- - ,o« 

/• 3 

.oyff 

.7^6 

112. X 


,oi9 

.0*/2 

1% 9 

./I 

*/. ?1 

.01 


t;-.o8 

t,'-.Og 

/!. O 

# oyfli 

,\.Ui 

/7I.X 


.o7tf 

.•I 9 

w.<i 

•'13 

/.«• 

.0>o 

a. ?.3 

T; o8 

T;- - .08 

9.3 

,01 P 

.701 

1*12. 3> 

.713 

.OlH 

. 01/9 

/I. 2. 

• 3X 

C.Hi 

.01 

2. «.| 

T^» f ,06 

T.. -08 

10, -if 

,0'90 

.*751 

tlH.3 

.709 

,9ot 

/ 0)0 

*/7,l 

/11 

3.19 

fOt 

2,f.t 

r;*+,o6 

'll ok 

II. r 

• 0?0 

•2X9 

I2‘J. 7 

• 713 

.01 i 

,07*/ 

28.8 

.2X 

. 8/ 

. 60 

Z, 9.3 

r- <,o* 

*t; - 0| 

/e. 9 

1 

1 

IH 7,0 

.70? 

. aoT? 

-OS’! 

A. 

. 


.01 




o q 

•ns 

S O 

z 

s? 

■^53 


M 

! 


Imiii 


mM 


liHiiii 




IlMiiiNHiliti 


BHHBMHBnH 










Table 5 

♦R 30 ft. (1.8 Bin.) and 50 ft. (3 ■In.) Temlnal Approach Caaes 
■” I Noae Prinary Thruatcr Uaed for Tranalatlan 



I 

CASE 

1 

■Ha 

Fuel 1 
' Uaed { 
(lba.)| 

Poat Burn AV'r 

( Doc 

king Pa 

ranetara 

WRTDoc 

king f«4 

}rdinste 

Syaten 


wsa 

msm 


Ell 

KS3I 

Hfl! 




j 16x1 
Ydeg.) 

I6yl 

'(deg.) 

j 16a 1 
!(Oeg.> 

► 

3,S’,i. 1 

7J t.ot 

T(t.c» 

/5./ 

.00%- 

.2%S 

too.o 

.331 

. 0/8 

.03^1 

3.H 


1 

. 0 y , 


t ♦ *I » 1 

T, -.oa 

T/^P 8 

m.U 


. ill. 

la.i 

.3J3 



12 .^ 

.58 

.* 8 r 

.OH 


3.J.i .1 

r/ti0$ 

r/ 08 

JA./ 

.021 


ru>.o 


.oor 

,0Hf 

28/-T* 

.35" 

• Ho 

,0H 

► 

3.8.H • 1 

r,-... 

77 -i 0 « 


.oor 

.lR*f 

120 . 0 

. 2 ^? 


.orr 

V.I 

. 3V 

1.2.6 

,0H 


3. r.H .2 

T{ -t. 6 f 

T{*.0i 

ix# 0 

,oo8 


U3.3 

.3«7 

.oyo 

.0*// 

12. 3 

• tf? 


/O? 


3.6. 2. 

T; -.08 

Tff.Cl 

iH.S 

, 002 . 


I0i>0 

.325" 

.061 

.OV7 

HI .0 

.62. 

,/*/ 

.01 


3. ?.H. 1 


T,- ,08 

13 0 

.023 



. 163 . 

,031 

.ov) 

H3.(, 

.59 

7, OH 

.0? 

► 

J.g .H >2. 


t;*“.08 

II. S’ 

,0X3 


190.0 

.358 

.OJTi 

.058 

jr.l. 


a.VH 



H.5.^. 1 


r,f.oj 

/6f9 

. 00 6 


3%,0 

,3*3 

,010 

,031 

5.3 

.31 

7/65 

.03 


U.6. H .1 

T; 6f 

Tf r.o8 

16 . 3 

,0/1 

,3XV 

90>l 

.266 

• 03| 

,031 

a>.9 , 

.HO 

1.9 7 


a 

‘1, 1 

Tff.oi 

T--.C9 

13, 8 

,o/A 



,2-n 7- 

, /O/ 

.0*i 1 

a/«> 

.if 

1.01 

.03 

r ^ 


T--. 08 

T,--,08 

|3/3 

,003 

.-Arr 

tio.i 

.ill 

, 0X1 

.OH 7 

l.s 

H 

.50 

.OH 


H. r. 1 . 1 . 

T/t.Of 

T/t.08 

IS", 0 

,oo> 


IbS.I 

,328 

.OH2 

,0H1~ 

S.8 


t.ll 

.02 


H C.H. 2- 

T,-.08 

T;t.o8 

H.r 

.003 

.30L. 

161.0 

bUJ 

.06*1 

.050 

36. 1 

e9 

.07 

.01 


‘1. ?.*1. 2- 

T,' + .e>8 

T; ".08 

.0 

. 031. 

,216 

2t.x.S 

.Z62, 

.o»*/ 

.050 

H9.3 

.58 

1 .30 

.0? 



Tf - .08 

T;-.o8 

n ,r 


.13*/ 

100.0 

.»5> 

.OSH 

.058 

?.<• 


3.6i 

.10 
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OF POOR QUALITY 

TABLE 6 

ExpLtutioa of C«c« MuaboTiog SysCm 
1st Huabort approach path and atticuda 

1. noaa down 

2. -fVt OOM up _ 

3. >R« noaa (Z. ) in ♦V diraetlon 
A« 4T, noaa (X^) in -7 direction 

2nd Huobar* firing time errora 

For a giran paaa, nuabara i through 4 daaignate the four poaaible waya 
to fire tha -Xf, and >Z. body thruatara, either -.08 aaconda of the 
ideal firing time. 

Additionally, uaing S through 8 for tha 2nd nuobar daaignataa the aaaa 
thing azeapt one noaa thruatar only ia uaad. 

3rd Hw^rt angular correction options 

1. X|^ and tranalational bums inawdiataly followed by a .08 second 
pitch rotational corraction 

2. SasM as I with another .08 second pitch rotational corr action 
approximately halfway to the SOC dock. 

3. Sas» as I except no rotational corrections. 

4. Same as I except the pitch correction occurs midcourse. 




\ 
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Table 7 

Kaxltaum Orbiter Attitude Rrrora ! 

(W/Rat to the Ideal Local Vertical Orientation) 


I 


<P 

t 


CA$£ 

HUHM 

tAAXimm £RMR 1 

rv««c> 

0KSUM/OM 

(Josrtos) 

fikk 

rail 

fikk 

roll 

2.1.1 

.ott 
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Space Operations Center Ascent Performance Analysis 


An analysis was conducted to establish the payload capability for the Space Operations 
Center (SOC) missions using tlia Shuttle Transportation System. Payload capability 
and CMS Icaoing requirements \/ore established as a function of SOC operational ortit 
altitude for both the current Shuttle and for the Shuttle with Titan liquid boost 
module (IBM) thrust augmentation. 

The trajectories were simulated using a three-dimensional, three degree-of-freedom 
static moment balance trajectory program. All trajectories wei'e biased for the 

Augi'St moan yt^nrl fliiniiet yiAc A5 -fho rqforqqro laiif’Cl’ . Previous analyses 

(reference 8) have shown this to be the minimum ascent performance month for a 
maximum dynamic pressure constraint of 680 psf. The aerodynamic data base from 
reference 1 was used for this analysis. The aerodynamic data base was corrected for 
all trajectories simulated with the Titan LBH using data obtained from Mr. Dave 
ilengeveld of Rockwell. The Qa profile obtained from reference 2 was flown during 
the ritfch number region from O.o to 2.0. The angle-of-attack (a) was then varied 
linearly from 0 degrees at a Mach number of 2.0 to a value of +2.0 degrees at a 
Mach number of 2.9. The angle-of-attack was then held constant at +2.0 degrees from 
Mach 2.9 to SRB staging due to aerodynamic heating constraints. The angle-of-si deslip 
(e) was held constant at 0.0 degrees and the body roll or bank angle {^\i) was held 
constant at 180.0 degrees from a hach number of 0.6 to SRB staging. The body attitude 
was held constant after SRB staging +or 4.0 seconds. A linear- tangent steering 
active guidance routine was then used to steer the vehicle from the end of the body 
attitude freeze phase to main engine cutoff (MECO). Upon imtiati''g active guidance 
the vehicle was targeted to a pseuao KECO alticude until the mode boundary (first AOA/ 
last RTLS) state vector was attained. Targeting to the pseudo HECO altitude during 
this flight phase lofts the trajectory to account for the possibility of a loss of 
engine (LOE) during the flight phase between the mode boundary and nominal MECO, If 
no LOE occurred at the mode boundary the vehicle was re-targeted to the nominal MECO 
state vector. If a LOE occurred at or after the mode boundary the vehicle was re- 
targeted to the abort-once-around (A0“) MECO stage vector holding the orbit inclination 
(i) and descending node (.'td) constant during this flight phase at values equal to 
the LCC “il les. The pseudo HECO target altitude was determined in order to balance 
the e.xcess HPS prccellant on both the nominal and AOA trajectoT’y le'js. For cases 
• \iheie l!ic a.f.'+e had o be '.r.er ti .m che n''r;''ri .!E'" ilTituc..- . 

I trajectories were shaped for the nominal mission. The maximum payload vjeight was 
rdetermined by having no excess UPS propellant remaining at either nominal or AOA MECO. , 
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After MECO occurred a 40.0 second coast period was allowed for external tank (ET) 
separation. During this coast period the Orbiter flight perfortnance reserve (FPR) 
propellant and the Orbiter and SSME trapped MPS propellant were jettisoned. After 
the coast period (on the nominal trajectory leg) the OMS engines were ignited and 
burned to attain an apogee of 150 nautical miles. The Orbiter then coasted to near 
apogee of this orbit where the OliS engines were re>ignitcd to circularize the orbit 
at 150 n.m. The OliS engines were then used to transfer the vehicle (Orbiter and 
delivered payload) to the SOC operational orbit. On the AOA trajectory leg the OMS 
engines and +X RCS jets were used to place the vehicle on a trajectory such that 
the Orbiter had an entry range of 5,500 n.m. from the landing site iUunch site for 
this analysis) at an entry altitude of 400,000 feet. The vehicle then coasted to 
apogee of the AOA trajectory where the -X RCS jets (using propellant from the forward 
RCS tanks) were used for a retro burn to adjust the Inertial entry flight path angle 
to -0.90 degrees. 

The Shuttle vehicle used for this analysis Is defined In enclosure 1. Enclosuie 2 
contains a sunwary of the vehicle weights used In this analysis. The mission and 
trajectory groundrules are given In enclosure 3. The post HECO velocity Increment (aV) 
requirements for both the nominal and AOA trajectory legs are given in enclosure 4. 

The aV requirements for the nominal mission were obtained from reference 5 and from 
reference 7 for the AOA trajectory leg. 

On the AOA leg of the trajectory all OMS and RCS propellant not needed post-HECO and 
during entry was burned and dumped du.'ing a pre-MECO burn. Data from references 3, 6, 
and 11 was used to construct the thrust and flow rate profiles for the AOA pre-MECO OHS 
and RCS burn/dump. 

The SRB thrust and flow rate profiles and weight data was taken from reference 4. The 
thrust and flow rate profiles obtained from this reference were referenced to a 
propellant mean bulk temperature (PMBT) of 60°F. For this analysis thesA profiles 
were adjusted for the ETR PMBT for August 15 (80.12®F). The OHS and RCS propellant 
capacities used In this analysis are given in enclosure 5. 

The Shuttle Orbiter and-ET weight data and the Titan LBH weight and engine performance 
data were obtained from Mr. Dave Hengeveld of Rockwell. The Titan LBH data Is sisnmarlzed 
In enclosure 6. 

The SOC component weight estimates are given in enclosure 7. 

The on-erbit and de-orbit aV requirements calculated for this analysis are given in 
enclosure 4 for the current- baseline SOC operational orbit of 265 n.m. The ascent 
trajectory target HECO state vectors for the pseudo, nominal and AOA trajectory legs 
and the OMS and RCS propellant capacities and loadings are given in enclosure 8 for 
the vehicle with no thrust augmentation. This data is for a SOC mission with an operational 
orbit altitude of 256 n.m. This trajectory was shaped for the nominal leg of the 
mission and required the addition of one OHS payload bay kit (PBK). The complete 
summary weight breakdown for this vehicle is given In enclosure 9. The vehicle has a 
delivereo payload capability of 50,000 pounds for this mission. The AOA leg pre-MECO OMS 
and RCS bum/dump thrust and flow rate profile is given in enclosure 10 for this 
mission. Similar data Is given for the vehicle with Titan LBM thrust augmentation in 


3 


enclosures 11 through 13 for the SOC operational orbit altitude of 265 n.m. This 
vehicle required a pseudo MECO altitude of 57.5 n.m. This vehicle with Titan LBH 
thrust augmentation has a delivered payload capability of 63,000 pounds for the SOC 
operational orbit altitude of 26b n.m. and also requires one OHS PBK. 

Plots of pseudo-HECO altitude versus SOC ooerational orbit altitude are given in 
enclosure 14 for both vehicles with and without thrust augmentation. For the vehicle 
with no thrust augmentation the trajectory is shaped for the nominal mission for SOC 
operational altitudes greater than 230 n.m. The trajectory for the vehicle with Titan 
L6M thrust augmentation is shaped for the nominal mission with SOC operational orbit 
altitudes greater than 268 n.m. The total required OHS propellant loading is given 
in enclosure 15 for both vehicles as a function of SOC operational orbit altitude. 
Enclosure 16 gives plots of maximum delivered payload as a function of SOC operational 
orbit altitude for both vehicles with and without Titan IBM thrust augmentation. 

The vehicle with Titan LBM thrust augmentation cat. deliver 18,000 pounds more payload 
than the vehicle without thrust augmentation. The vehicle with Titan L3H thrust 
augmentation can deliver an additional 1,000 pounds if no payload is returned. An 
additional 1,400 pounds can be delivered by the vehicle with no thrust augmentation 
for no return payload. 
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• ORBITER VEHICLE 103 WITH 4,000 LB WEIGHT SAVINGS 
I ET 26 AND SUBSEQUENT WITH 6,000 LB WilGHT SAVINGS 

• TC 121-78 SRB (VOLUME 10) 

« FULL RCS LOAD 

I OMS LOAD AS REQUIRED FOR MISSION 
I ADO UP TO 3 OMS PBK'S (AS REQUIRED) 

9 TITAN LBM (OPTIONAL) 
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MISSION AND TRAJECTORY GROUNDRULES 


Engineering Analysis Division 


•G. Uuney EX42 


3-12-80 


DUE EAST LAUNCH FROM ETR (INCLINATION ■ 28.5 DEG) 

BASELINE LAUNCH MONTH WAS AUGUST (MINIMUM PAYLOAD) 

MAXIMUM DYNAMIC PRESSURE (MAJ( Q) WAS 680 PSF 
2.75 SECOND SRB IGNITION DELAY FROM SSME POWER LEVEL OF 90 PERCENT 
IGNITE LBM 5.0 SECONDS AFTER SRB IGNITION COMMAND 
JETTISON LBM STAGE AT LBM BURNOUT (205.4 SECONDS) 

POST HECO INSERTION ORBIT WAS 150 NAUTICAL MILE CIRCULAR ORBIT 
ORBITAL TRANSFER (ORBITER AMD PAYLOAD) FROM INSERTION ORBIT TO SOC OPERATIONAL ORBIT 
SOC OPERATIONAL ORBIT ALTITinES FROM 150 Tt 450 NAUTICAL MILES WFRE CONSIDERED 
CURRENT BASELINE SOC OPERATIONAL ORBIT ALTITUDE IS 265 NAUTICAL MILES 
INERTIAL ENTRY FLIGHT PATH ANGLE WAS -1.35 DEGREES 
MAXIMUM PAYLOAD DELIVERED TO -SOC OPERATIONAL ORBIT 

OMS RETRO PROPELLANT WAS CALCULATED BASED ON RETURNING 42,000 POUND PAYLOAD 
OPERATE SSME'S AT FPL (109 PERCENT OF RPL) 

SSME THROTTLE RATE WAS 10.0 PERCENT/SEC 
THROTTLE SSME'S FOR I4AX Q CONTROL 

THROTTLE SSME’S TO LIMIT MAXIMUM ACCELERATION TO 3.0 g's 
THROTTLE SSHF'S TO HPL (65 PERCENT OF RPL) SIX SECONDS BEFORE MECO 

THRUST VECTOR CONTROL (TVC) USING SRB GIMBAL FROM LIFTOFF UNTIL SRB CHAMBER PRESSURE DECAYED TO 
50 PSIA (Pc « 50) 

SSME GIMBAL FOR TVC FROM Pc « 50 TO MECO 
NO LBM GIMBAL FOR TVC 

PRE-MECO OMS AND RCS BURN/DUMP DURATION LIMITED TO 3C0 SECONDS ON AOA TRAJECTORY LEG 
VEHICLE ORIENTED WITH TAIL POINTED SOUTH ON LAUNCH PAp 
r TXIMUM RETURN. PAYLOAD IS HEAVIEST SINGLE SOC C 
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POST MECO VELOCITY INCREHEN1 REQUIREMENTS 
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• NOMINAL MISSION POST MECO aV REQUIREMENTS 
(150 N. MI. CIRCULAR INSERTION ORBIT) 


• INSERTION BURN 

207.2 fps 


• CIRCULARIZATION BUPJl 

177.4 fps 

29 

$ LEVEL 1 RESERVES 

17.8 fps 

■0 § 
II 

AOA POST MECO aV REQUIREMENTS 

-.90 DEG) 

50 1“ 

(ENTRY RANGE - 5,500 N.MI., ENTRY FPA - 

"0 
C > 

• 


> q 

• INSERTION BURN 

:i9.0 fps 


• APOGEE RETRO BURN 

40.0 fps 


• LEVEL 1 RESERVES 

17.8 fps 


ON-ORBIT aV REQUIREMENTS 


* 

9 TRANSFER FROM 150 N.HI. CIRCULAR 

199.12 fps 


ORBIT TO 150 X 265 N.MI. 
ELIPTICAL ORBIT 



1 CIRCULARIZE AT 265 N.HI. 

197.56 fps 


DEORBIT aV requirement (ENTRY - 

1.35 deg) 

412.41 fps 















OHS AND RCS LOADING CAPACITIES 



Engineering and Development Directorate 
Engineering Analysis Division 
G. Launey - EX42 3-12-80 


7,374 

25,156 

• 

12,176 

4,126 

O O 

12,281 

n » 
1| 

885 

» P 

12,278 

O -0 

1,287 

5«3 






















ffevisiONS 





ciiciusui e 



engineering and D-^velopment Directorate 


Engineering Analysis Division 
G. Launey. - EX42 3-12-80 

*■» 

• 

382.650 

(348,900) 

(33,750) 

530,000 


301.7 

5.0 

205.4 



US5 





Enclosure 7 



SOC COMPONENT WEIGHT ESTIMATES* 



Engineering and Development Directorate 



SlfMIIIIIIIIII^^ 

IRPMffiHIRBIIIIIlllllllli 

HH 


42,174 


38,264 


19,298 


6,630 

O O 
■n 2 

17,616 

T O 

o 5 

19,315 

o > 
» p 

c >» 

21 ,406 


4 W 
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rnclosure 9 


SOC MISSION VEHICLE SUMMARY U'£IGHr BREAKDOWN 
(NO THRUST AUGMENTATION) 


(SOC OPERATIONAL ORBIT ALTITUDE=2fi5n.m.) 



PAYLOAfJ 

QMS HAYl ilAO HAY K ITS 
HIS5IOM SIJPPOiU 
PERSOi'JTLL 
ORBITEK - EMPTY 

- NON MROP CONSUriAHLES 

- HSAiH F" KCS 

- Pi;ii Pt.'>nJvl b 

- RCS i<Lbloi)Av.S 

- OMS PROP (ON OKbll) 

- UMS FNliP (DL-ORtllT) 

- MCS PR(.P (OE-ORHH) 

- OMS KEoEKVt b 

- OKS NESIOUmLS 
GSME (EMPTY) 


ORBITER AT INSERIIOM 


POST-MFCO MANKLIVMt-lOMS PROP) 
POST-MtCO MANtOVFR-(RC5 PROP) 


ORdlTEk AT 0Mb IGNITION 


TRAPPEI* MPS PRiip - nRI-ITEK 
THAPPEO MPS PN((p - SSMF 
FLlGril PFhF pLbFPVF - OPHITER 
FLIGHT PtoF RIbLKVE - SbMF. 


okbitep aftfr ft GEPAHATIUN 


RCS PROPELLANT 


0R8ITEP AT ET JEHlSON 


NOMINAL 

ABORT 


50005. 

50085. 

• 

RTiiN. 

4126. 



160o, 



2644. 

* 

140M21. 

140821 . 


3740. 

3748. 


bhb?. 

2687. 

i"J. 


‘)0 T, 


Sfa/, 

56/ . 


14Nf’0. 

U. 

o o 

- S367. 

— 6 * - 

n 39 

0. 

1470. 

tJ Q 

769. 

38b. 

o 2 

691 . 

891 . 

o ^ 

204H4. 

- 20484, 

30 p 

O -0 
c > 

256265. 

229913. 

3s 

5314. 

5917. 

0. 

1271. 


261599. 

235100. 


867.’ 

1818. 


1524. 

1524, 


27/1. 

1840. 


0. 

0, 


266781. 

240282. 


• 

•— 



252. 


267033. 

240534. 
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SOC MISSION VEHICLE SUMMARY HEIGHT BREAKCOWN (CONT'D) 
(flO T';Rl!3T '^UGIIENTATION 



NOMINAL 

AtiURT 

EXTERNAL TANK - EMPTY 

709V0, 


- MI-SIOUALS 

<iun * 

fllRd 

- NON PROP CONS 


«*2> 

FLIGHT PEMlOKMANru PESLhVE-LT 

^HbO. - 

- 1 /«'» 

FUEL MIAS 

loav. 

tiOb 

Exets.^ MPS ppopfllant 

"7 • 

ia*>2 

EXPtLLIO MPS PROPtlLANT 

228. 

lb2 


Ef wf'K.HT AT Mfccn 


INJECIIU WEli'MT A I HECO 

f 

! 

I- MPS PHIV (HOME 0(Ml»vnAHr/MECO) 

PRh - tiECO OMS (UihA 

PHfc - riECn MCS mi! N 

! • PRE - MtCO ()MS OIIMJ- 

I 

i ^ hEIGHT AMER MOOE HOY 

i 

EXPELLED MPS 


79552. 

b0tC4. 


346585. 

320638. 




ft| 

— -- 7 57047. 

- - 75o418. 


0. 

10435, 


0. 

/ 55. 

o 

0. 

15329. 

s r 

1103632. 

1103556. 


0.’ 

76. 

^30 





7»i aifl^flTPSTn 
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M m 


Lyndon B Johnson Space Center 


f ' E-MECO OHS AND RCS BURN/DUMP THRUST AND FLOW RATE PROFILE 
(tiO THRUST AliaiENTATION) 


Engineering and Development Directorate 
Engineering Analysis Division I 


j G. Launey - EX42 

(SOC OPERATIOtJAL 0P.BIT ALTITUDE-265n.m.) 


3-12-80 


2 X OHS 
2 X. OHS 

2 X QMS 24 X RCS 
2 X OHS 4- 24 X RCS 
2 X OMS 
2 X 

2 4 X RCS 

2 jt 4 X RCS 


Si 

It 


<BZ 















iTiTil 
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(SOC OPERATIONAL ORBIT ALTITUDE»265 n.m.) 


PSEUDO NOMINAL 


AHUi^T 


ALTITUDE 

VELOCIlt 

r,AMMA 

• '^CLINAT ION 
DtSC NODE 


10TAL OMS CAPACITT 
NO, OF OMS MTS 

oRonEH OMS capacity 

QMS PrtK NO, 1 capacity 


57,50 

57,00 

57.00 

?5660,00 

25680,00 

25676.00 

0.S5U0 

0,6500 

— 0.6500 

e», IA7 

28,407 

28.517 

89,9^6 

89,99/ 

89.989 


• 

37332. 


t. 

asiss, - . 
IBI76. 


TOTAL LOAObO OMS 


32A7h. 


TOTAL BCS CAPACITY 


TOTAL LOAOkO KCS 




ORIGINAL PAGE IS 
OF POOR QUALITY 


SOC MISSION VFHICLE SUMMARY WEIGHT BREAKDOWN 
ITITAN LBM THRUST AUGMENTATION) 


(SOC OPERATIONAL ORBIT AITITUDE - 265 n.ra.) 





NOMINAL 

AhORI 

PAYLOAD 



68091, 

o8091 < 

0113 I’AYLOAO WAY KITS 



4126. 

4 126. 

MISSION sm’HOHi e.JiiiP 



160P. 

1 f> 0 0 1 

i'HKSONFLL 



2644, 

2640, 

OKWntH - tMPTY 



140621 , 

140021 , 

- WMGHT 



220. 

t '50 

« NON PWUP CONSUMABLES 



3748. 

47 48 

- USAiiLf K( S 



bbS2, 

2/28 

- kLS HfcbtMvFS 



40 4, 

392 

- kl S KFSl'niALS 



bi>7 , 

J n / , 

- OHS PMOP (ON nWhlT) 



-- 15723. 

0. 

- UMS PF.OP (Ot-OWdlT) 



9476. 

U 

- Kfb PKUP (01 -OKbIT) 



0. 

1588, 

- OMt> htSLHvES 



7h9. 

388, 

- UMS PESIOIIALS 


. 

891 . 

691 

SSMb (EMPTY) 



20424. 

20484. 

OKBITES AT INSTKIION 



~ - - 2/5623. 

•• 248297. 

POSl-MtCO MANfUVl W-(OhS PKOP) 



5715. 

42’0 

POST-MKSU MANfcUVtH-(RCS PROPl 



0. 

1372. 

ORrtlTEP AT 0Mb KiNITlON 



261338. 

253900 

TKAPPEO MPS PKOP - OPOITER 



887. 

1818 

THAk'PtO MPS PHOP - SSMfi 



1524, 

1524 

PLIKHI PrMP PtSOVe - OPUlTtR 



2771 . 

184(1 

FLIOHI PKHF KLSEWve. - SbMt 



0. 

0. 

OPB>UP Af-TKP LT SbPAKATION 

• 

- 

286520. 

- -259082 

RCS PKOrELLANT 



252. 

£52 



3ts 


OKH11FR AT LT JlilTlSHN 




2*3 *» 534 






























SOC MISSION VEHICLE SWMARY WEIGHT BREAKDOWN (CONT'D) 
(TIT L3». TlUaiST AGUMENTATION) 


EXTE(<NAL tank - Lmpty 

- SCAR WEIGHT 
•• HLSIUUALS 

r _ •• NON HfiOH COM 3 

I FLIGHT ^>fcRFO»^■M^^NCf RESLHVE-tT 
I FUFL HI AS 

EXCESS MPS I'HOHELI.ANT 
I EXHtLLtU MRS RHOHLLLANT 


NUHINAL 

7W990, 

?50S, 

9011. 

9^3. 

1097. 
1 . 

. - ajH. 


AHOKT 


ET HEIGHT AT MECO 
j INJbCTtn weight at MECO 

I 

MRS RKliR (Moot »nilUDAHV/MbCO) 

RKF - MECO OHS fJUWO 

RUE - MECO RCS HOKf 

RRE - HtCO OMS DUMP 


eao65, 


BFaSiT, 


H09S25. 

0 . 

0 . 

0 . 


WEIIGHT AFTER MODE HDY 


1173362, 


1173296. 


EXPELLED MRS 


HEIGHT PRIOR TO MODE BDY 


1173362. 1173362. 


MRS PROP (STAGTOC./MOUE BOUNDARY) 
StCDNOARV PROP SYSTEM JETTISON Hi 
SECONDARY PROP (STG/HUDE BDY) 

HEIGHT AFTER STAGING 
i SRH CASE jettison WEIGHT 

' HEIGHT PRIOR TO STAGING 

SECMNOARY prop (L /0 - STAGING 

SRH propellant 

MRS PROP (LiFfOFF/STAGING) 

LIFTOFF weight 
MRS PRORLILSMT 
SRO rrope:ilant 

SRB IGNITlOri command ( T - 0 ) 

MRS DORNtD PRIOR TO SRB IGN COMMAND 

HEIGHT AT MRS iHRtlST COMMITMENT 


3729B1. 

337S9. 

193979. 


357397. 


.. 205915. 
22309/9, 
369013. 


769. 

1669 , 


7701. 


1723 SB 2 . 


2080979, 


49013H0. 


99)3633. 


9911559, 



ORIGINAL RAGE 13 
OF POOR QUALITY 


Enclosure 13 


f\li ,'3A 


Lyndon B Johnson Space Center 


Engineering and Development Directorate 


■■'Z KECO 0K3 RCS EU?N/D'JHP THRUST AHD FLOW RAIE PROFILE 
Lu’i 7. r.,:r a/.“£.'iTA7:vi> 


Ff'oir'%?n’f'0 

I ' j 1 ,'ei r r. 


G. Launey- 

EX42 

3-12-oC 


(SOC OPERATIONAL ORBIT ALTITUDE«265 n.m.) 



TIME 

THRUST 

FLOW RATE 


s:c 

(LBS) 

(LB/SEC) 

JETS 


0.0 

4.5 

4.5 

259.22 

259.22 

263.72 

2C3.72 

300.00 


2,140 

2,141) 

3,566 

3,566 

12,140 

12,140 

15,801 

15,801 


38.760 

38.760 
98.971 
98.971 

38.760 
38 .'760 
51.836 
51 .836 


2 X OMS 

2 X OHS 

2 X OMS 24 X RCS 
2 X OM • + 24 X RCS 
2 X OMS 

2 X OMS 

2 X OMS -I- 4 X RCS 

2 X OMS + 4 X RCS 
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LMz 
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stoe 0 T rt/c TtAryoMM . 


-M44tO ti*tC AOurtMQ 
ev se*»tice 
C*-**0 XfXT 

LOx fAA. SIXC ) 



OOCtCtHQ MObUt.E 


OPTION ^ 


rU4*JCL AOAPTE^ 


§4HU EMVClOPE 


''Dtuve umT 


^bocttoic 

MoOulC 

so^^y 

SrA-ocT^oC 


*■<>* / X % 

cystous N. ^ 
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ft4A€A'Oj X. 
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m srowto conugumation 


/ ^04Btreti. 

TnAHiTgft. <- 
ACruAtJ UMCS mt 

DCPlOyCO COHflCUttATIOtJ 


^35* MOVCMCNT 
tt€€Uli»S4 PKQH 
wfte vtPjtcAL. 
on ALL BfUjOL/S. 


SWITCL JOINT- 


PLKK UnC, 


A/cm- 


TWO SNOAT HA40 UlC BOOMS 
/lMz X LOz) WOulO STOnJ 
Aoxoeo Sacm on to TmC 
SXBTiCe MOOUCC . 


-MAXB VNK AOUTm/C 
ON SCA^ICe MOONLt 

B SAM PLATPOAJ^ 

fLMx NCAA XtOC 

LAx eaa sioe^ 


POCKING MObULE. SUPPOpT & 
FUEL UNC EXTENSION bCTAlL 
{option 3 ) 


$NT€ APACE CONNCcTiON- 


POLOtNB BOOMr 


,OOCN/M<i MOOULC 


TANK. /nTEAAACCS- 


'SWIVEL JOINT 


OPTION 2 


wore 


ABtONA'fE AEACH POA A/cM- 


TmANsPCA Boom stonco- 


AOEBOATE AEACH OP AfcM 

*, taanspea Boom win, allow 

SYSrrM /LAcXLOx) 70 HAve 
SfAWAMTE Boom* IA OCXtAMOLE'.. 


CATION > 

• 3 taanspeA. Booms srowEO in oaBitea . 

• Plea, unes Each sioe op sam platpoam ■ 

• WEiCMT OP Boons inc*.i/0£0 in total. oabitCA capacity. 


SAM> 


'SHOA.T OuAL TMANAPPA. BOOM 


OPTION 2 

.0 OOAt TAANSPEA BOOMS PAOM THE SAM PLATPOPM. 

• DUAL OP SeCAeCATEO PLEX. UNES ON SAM . 

• OABtTEB. TANMACC AT PULL CAPACITY. 

OPTION 3 

• HAAjO UNC pouting with connections ACAOSS INTEKPacC . 

• COMPlCX UNE actuation IN OPBITEA. BAY 

• HEAVIEST IMPACT ON PUEL CAPACITY . 


^LUx. ^U>x 



OPTION ! 


^PLEKIELE unes 
EACH SOE OP 
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EOCE OP 'SAM' 


A/CM . 





OPTION 4^ 
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ORIGINAL PAGE 
OF POOR QUWJTY 


TITAN LBH THRUST 
AUGMENTATION 


NO THRUST AUGMENTATION 
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NOMINAL AND AOA MECO ALTITUDE 


SOC OP£RATIO:.AL ORBIT ALTITUDE (H. MI.) 


End O' I , 



















































































TflANSLAnON tilt.iVE MECHANISM 


■ INSPECTION ASSEMBLY *HALT* CAAAiAGE 
(BOTH halves complete THE CAAAMGC ASSEMBLY 
rBAYEUNH ON the OUTEA NAILS.) 
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APPENDIX D 


SERVICING ACTIVITY DATA SHEETS 


Th* Service Fixture (SF> arrangemnt described In Section S was based on 
the activities depicted In Figure D-1 cs representative of the type of function 
the SF Is expected to provide. Those significant activities of Figure D>1 which 
will drive the design of the SF were analyzed In detail and Servicing Activity 
Data Sheets were generated for each. This appendix Includes a Servicing 
Activity Data Sheet for Activities Nos. 5# 7# 8/ 9/ 10/ 11/ H/ 17 and 18. 
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FIGURE D-1 

TURNAROUND FLOW CHART 


} 

I 


MOTV TURNAROUND - RETURN 




RockweN 

IntematkNMl 


115 
































SEWICING ACTIVITY DATA SHEET 


ORIC^iAL {3 

OF POOR QUALSTY 


Pro ject ; Servicing OTV at SX 
Activity No 5.0 



Reference Data 

1. Grumman, Manned Orbital Transfer Vehicle (MOTV) Volume 5, 
Turnaround Analysis, ODntract NAS9-2S779, 7 November 1979. 

Description of Activity 

Although this activity was designated No. 5 in the turn-around flow 
chart, saflng operations must be carried out continuously over several 
activities starting with activity No. 1 when the MOTV is prepared for 
retrieval operations. A complete MOTV safing can be described as a 
three-phased operation. In the first phase, active on-board systems, 
such as propulsion and power, are safed prior to crew egrees. In the 
second phase, subsequent to crew egress, passive systems are safed to an 
extent dependent upon the finding of inspection and servicing operations. 

In the third phase, as an emergency or contingency operation, 
hazardous fluids and/or gasses may have to be elL^nated as soon as 
practical and before egress because of system damage or failures 
recoenlzed early in the return scenario. 

A first phase saflng would consist of five activities. 

1. Main Engine Shut-off. 

2. Safe the Propulsion System: 

Shut-off M.E. isolation valves & verify 
Shut-off Cyro isolation valves & verify 




3. Retract Solar Arrays 

4^ Safe Attitude Control System: 

Shutoff RCS propellant Isolation valves & verify 

Shutoff RCS helium isolation valves & verify 

3. ' Safe Electric Power System: 

9utof f reactant control valves & verify 

Shutoff water control valves & verify 

Ihe second and third phase safing consists of ridding the MOTV of 
stowed and expendible gasses and fluids which would have some effect on 
the serviclng/tnaintenance activities or safety of the re*derthed vehicle. 

Support Equipment 

vent and purge line connections to the service fixture 
Crew Involvement 
HOTV IVA 

Control Module IVA 
SOC Provision 

Service fixture feedlines/puitips/storage tanks 
Service fixture expendibles dump system 
Spacecraft Design Impact 

Vent arid purge lir« corviections. 

Orfaiter Design Impact 
N/A 
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The SF of the SOC baseline configuration has an MOTV docking port at the 
outer end, a handling boom, and longitude translation rails. It may also 
include tankage and routing lines for expendibles. 
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Description of Selected Method 

The aain propulsion system Is safed by closing and verifying the M.E. 
and cyro isolation valves subsequent to H.E. cutoff and the attainment of 
control stability. The solar array is retracted next during approach to the 
SOC. 

From that time until docked to the SF, power can be supplied by on-board 
batteries and/or fuel cells. Once docked to the SF, the ACS is safed by 
closing and verlfyiitg propellant and helium isolation valves. 

Riwer supply duties can be transferred to the SOC once the MOTV is 
berthed on the transluation rails. 
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I SELECTED SCHEDULE 

' I 

<1)(2)(5) (3)(« 

— ALTERNATE SCHEDULE(S)— 


(1) NAIN ENGINE SHUTOFF 

(2) SAFE PROPULSION SYSTEN-SHUT OFF/VERIFY N.E., OWO. ISO. VALVES 

(3) RETRACT SOLAR ARRAY 

<N) SAFE RCS-SHUT OFF/VERIFY He. PROPELLANT. ISO VALVES 

(5) SAFE ELECTRIC SYSTEH-SHUT OFF/VERIFY REACTANT HATER ISO. VALVES 

(6) HOON UP TO SOC POHER 


Sequence-First Plase 


The selected sequence of saflng Is indicated above with other options of 
scheduling the activities. 

(1) Main engine shut-off is mandatory upon reaching an appropriate zone 
to begin the redocking entry. 

(2) Safing the main propulsion system could be performed at this 
initial time but would have some adverse effect on the innediate 
stabilization of RCS. control. The minor time delay from A to 8 
should not imperil the operation. 

(5) Safing the electrical system could be performed at any point as 
early as A, running the remaining sequence on battery power. 

However no appreciable savings result except minimizing water 
storage . 
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SUBJECT Rationale and Trades Oata 


tf 


(3) Solar array retraction could be delayed until the MOTV is docked to 
the end of the service fixture port (C) , however this delay could 
detain the activity of the support boom in transferring the MOTV to 
the translation tray , or postpone the recognition of any 
difficulties inherent in the retraction activity. 

(4) Safing the RCS is logical only at the point of SOC control, after 
(C). 

(6) Hookup to SOC power is possible only at the point of berthing to 
the translation tray where power is provided normally during 
maintenance operations. 
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Second phase safing activities are dependent on duration of crew module 
storeage and extent of maintenance operations. Mainly , transferring 
expendibles to SOC storage, their purging and venting are re<^dred of the 
following systems: 

o Main Propulsion 

0 Rjrge Main Sngine using He 

0 Purge snd Lines using He 

o ^rge LO2 Tank and Lines using He or N2 

0 vent He Tank and Lines 

0 Attitude Control System 

0 Ajrge N2 H4 and MhiH FUel Tanks using He 
0 ^rge Lines and Thrusters using He 
o Electric Power System 
0 ^nt H2 and O2 Tanks 

o Vent H2O Tanks 
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MOTV core module is located at maintenance station on translation 
rails. Connections are made to the service fixture manifold lines and 
expendibles are transferred to storage tanks located either inside the 
service flxtuer structure or at some other SOC location. 

MOTV tanks and lines are purged and then vented overboard to safe the 
vehicle for storage or future servicing. 
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FUNCTION Contingency System Safing 
ITEM Phase 3 
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Contingency removal of gasses and fluids because of hazard consists of 
the following activities. 

0 Main Propulsion 

0 Oump/Mjrge Tank and Lines using He 

o Oump^Airge LO^ Tank and Lines using He or N 2 

o Vent He Tank and Lines 
o Attitude Control System 

0 Oump/FUrge and Fuel Tanks using He 
a Electric Rowep System 
o Vent H 2 and O 2 Tanks 
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RfCriGN Contingency System Saflng 
ITEM ’ 


MOTV Dump 


SUBJECT Description of Alternate Method 


1 ATTAOtENT 
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MOTV docks to the end of the service fixture where all suOsecfjent 
operations can be controlled by the SX. 

MOTV opens dunp valves permiting expendibles to be released from counter 
balanced orifices on opposite sides of the vehicle. 
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FUNCTION Contingency System Saflng 

ITEM ^ 

^CTHCD SX Dump Manifold 
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MOTV docks to the service fixture and is repositioned with the handling 
boom to the translation rails on the service fixture where the standard fuel 
Interface connections are made to the service fixture manifold lines. An 
extendible tube is released from the SF positioned lAO/150 feet from the 
main SX structure, to where hazardous fluids and gasses can be dumped 
safely. FVjrge gassest could be available from SOC storage to supplement the 
MOTV tanKage. The extendible tube can also be utilized for dumping SX 
tankage. 
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SEWICING ACTIVITY DATA SHEET 


Project ; Servicing MOTV/OTV at SX 

Activity No. 7.0 ORIGINAL PAGE fS 

OF POOR QUALITY 



Reference Oata 

1. Drawing 42690-017, Unscheduled Haintenance/Repair on 
/Wionlcs/Propulsion Modules, Space Operations Center 

2. Drawing 42690-018, Inspection Concepts, In-Space OTV, Space 
Operations Center 


Description of Activity 

As the MOTV returns from its mission, it is secured to the servicing 
fixture (ST) and subsequently mated to the seal pressure port. When the crew 
egresses the MOTV crew module, a set of inspection operations will commence to 
determine the-general conditions of the crew module and the avionics/ 
propulsion module. Both internal and external inspection operations will be 
performed, ihe crew compartment will be examined internally by SOC crew 
members by observation and performing preplanned checkout operations. For the 
external Inspection, several concepts involving EVA were considered. 1he 
selected concept is based on the use of the Manned Remote Work Station (HRWS) 
or Open Cherry Picker (XP) on which an EVA astronaut is stationed. The XP 
can be transported to any particular area that requires inspection by the 
handling boom. The procedure requires the handling boom to secure the XP 
while it is in its storage compartment and translate it to the vicinity of an 
airlock. The astronaut can then egress from the airlock while secured by a 
tether. Once secured within the foot restraints of XP, the astronaut will 
release the tether and the handling boom will then transport him to any 
particular exterior surface of the OTV. Reversing the procedure upon 
coR^letlon of the inspection operations will return the astronaut to the 
airlock and the OOP to its storage compartment. 


X26P-1 


DiJ 


i 

1 

! 

4 






0 RK 31 NAL PAGE IS 
OF POOR Q’JAUITY 

Support Equipment 

o SF Payload Handling Boom 

0 Open Cherry Picker (XP) 

Crew Involvement 

0 One EVA crewman to nan the OCP and perform external inspections. ^ 
SOC Provisions/Oonflguration Inpact 

Provisions for storing the open cherry picker on the SF are required. A 
handling boom that interfaces with the XP is also required. 1he handling 
boom must be designed so that it can be controlled from the OCP as well as 
from the control module. 

Spacecraft Design Impact ; N/A 

Ocbiter Design Pnpact ; N/A 
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Mhlle the MOTV is berthed to the seal pressure port, the task of 
inspecting the exterior surfaces of the crew and propulsion core modules is 
accomplished by an EVA operation Involving the OCP in conjunction with the 
handling boom, inspection operations may be visual only and/or Involving 
the handling of components. Besides the exterior surfaces, the astronauts 
will be able to remove panels to inspect critical components located beneath 
the exterior surfaces. The entire surfaces of both modules P'*e within the 
reach of the handling boom as presently baselined. 
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MOTV/OTV & SF 
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SUBJECT Rationale for Selected Method 
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The use of the OCR for inspecting the exterior surfaces of the MOTV is 
the most feasible method of those considered, but not the only one. The use 
of the Manned Maneuvering Unit (MMU) was also considered feasible and should 
be utilized as a backup mode in the event its use is found necessary for 
other SOC operations such as space construction. There are two major 
reasons for selecting the XP nver the M4U: 

1. The MMU was not designated to perform any other OTV turnaround 
operation, ^«nce, it was not necessary to dictate its use when 
other pieces of equipment are available to perform the inspection 
task. The XP, in conjwiction witn the handling boom, is required 
to perform rep^r operations and can just as well perform 
inspection operations. 

2. Inspecting the exterior surfaces of the MOTV is not only a visual 
task. It may well Involve handling components and removing 
panels. To perform these physical tasks, a work station such as 

* the XP is more appropriate for reacting forces than a free-flyer 
such as the MMU. 

The other alternate methods that were considered were not as convenient 
or flexible in their use as the selected method. In addition, they add 
complexity to the SF and MOTV designs witi^out providing operating 
advantages. 
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The procedural steps of inspecting the exterior surfaces of the MOTV can 
only be pre-planned to a certain degree. Depending on the findings of the 
inspection operation, unplanned activities are certain to appear. A 
free-flyer such as the M4U provides maxlflum adaptability to these unplanned 
activities by transporting the astronauts to areas that may not be reachable 
by other means. It is versatile and does not require the use of any 
additional equipment. However, the minimal stability that it can provide by 
its reaction Jets is not comparable to the OCR when utilized as a work 
platform. 
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This method proposes to Incorporate hanctiolds at strategic locations on 
the periphery of the core module ^or use by a tethered astronaut to perform 
the inspection operations. Considering the limited reach of a 
pressure-suited astronaut and the size of the coi e module, a considerable 
number of handholds will have to be added. Althou^ the handholds are less 
complex than the XP or the KMU, the flexioility of their use is limited. 
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The distinguis^'iiig feature of this method is the absence of EVA. It 
consists of a circular track for an observation carriage on which a CCTV 
camera is mounted. The circular track rides on the translation rail of the 
SF and encompasses the entire MOTV. By the strategic positioning of the 
circulation track and the observation carriage, the CCTV camera will be able 
to observe the entire exterior surfaces of the core module and the crew 
module. As an automated technique it avoids EVA eperations completely. 
Khwever, the mechanization inherent in this method is quite complex and it 
does not allow the added advantage of the astronaut’s feel or the ability to 
remove panel for inspecting beneath the exterior surfaces. 
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Reference Data 


1. Grumman, Manned Orbital Transfer Vehicle vMOTV), Vol 5, Turnaround 
Analysis, Contract NAS9-15779, 7 rtoventoer 1979 

2. Drawing 42690-0D, Flight Support Facility, OTV Configuration 
Arrangements, Space Operations Center 
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Description of Activity 

It Is assumed that the OTV/SOC configuration prior to tte initiation of 
this activity Is as Illustrated In Attachment 1. As such, the OTV is 
supported on SF rails and its power is supplied by SQC through its docking 
port. With the availability of power, all separation mechanisms are 
envisioned to be remotely controlled. However, manual override provisions 
along with accessibility and compatibility with EVA operations must 
characterize all separation mechanisms for contingency conditions. The v 
activity encompasses the separation of fluid, electrical and structural 
systems and the translation of the avionics/propulsion core module away from 
the berthed crew module by utilizing the SF translation rail system. 

Support Equipment 

A translation rail system on the SF is required for this activity with 
separately controlled support provisions for the crew module and the 
avionics/propulsion core module. No manipulators are required for this 
activity. 

Crew Involvement 

One IVA crewman is needed to operate the SF rail system. One EVA crewman 
is required in the event of contigencles only. 

Sg Provisions/Oonfiquration Impact 

As a part of the SF, a translation rail system is required as oiscussed 
under Supjxirt Equipment. In addition, a control panel from which to operate 
the rail systm as well as all the separation mechanism would be required 
within the control module. 

Spacecraft Ocsion Impact 

Both the OTV creyr module and the avionics/propulsion core module will 
require provisions to interface with the SF translation rail system. These 
interfaces are in the form of two PIOA heads for each module. Three 
mechanisms are required to separate the OTV structural , fluid and electrical 
subsystems. Since remote actuation is envisioned, control provisions leading 
to a control panel aboard the control module would be required. 

Orblter Design Impact ; N/A 
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The significant feature of the SOC during th<s activity is the support 
rail system of the servicing fixture (SF). Two individually activated sets of 
supports are required, one for the crew module and the other for the 
avionics/propulsion core module. In this way, the core module can be 
translated away from the core module once the separation mechanisms were 
activated. 
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FUNCTION Separation of Crew Module from 

ITFM O'TV Core 

MOTV/OTV & SFM 

rCTHOD N/A 
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SUBJECT Post Separation SOC Configuration 



Three major subsystem mechanisms are required to fully separate the crew 
module from the avionics/propulsion core module. The main procedural steps 
that lead to the activation of each subsystem separation mechanism are listed 
below: 

o Fluid Systems 

0 Close shutoff valves on both sides of separation interface 
0 Verify valve closure 

o Vent/purge interface cavities 

o Activate separation mechanism 

0 Verify demating 

o Electrical Systems 

0 Shutoff power across separation interface 
0 Verify power off 

0 Activate separation mechanism 

0 Verify demating 

o Structural Systems 

o Activate separation mechanism 

o Verify demating 

o Translate avlonics/propulsioa module away from crew module 
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Both the crew module and the avionics/propulsion core module are attached 
to SF rail by a two-point support system. Each support is a PIDA head 
interface as shown above. The crew module interfaces are structural supports 
only while the avionics/propulsion core interface may incorporate utilities 
and monitoring provisions in addition to their structural support functions. 
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REMOTE ACTUATED INTERFACE CONNECTORS CONCEPTS 


1hree types of mechanisms are required to separate the crew module from 
the avlonlcs/propulslon module. The first type is a set of solenoid operated 
latches similar to those utilized in docking mechanisms. Their main function 
is to maintain a structural connection oetween the crew module and the core. 
The other two types are functionally similar In that each consists of a 
motorized actuator driving acme screws to which attached Is a platten that 
supports the electrical or fluid connections as illustrated above. These 
active halves of the Interfaces will be located on the crew module side. The 
other halves, on the avlonlcs/propulslon core modcLe will be passive devices 
that accepts the Illustrated plattens. /^proprlate guides and alignment pins 
will be Incorporated Into the plattens. 
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Reference Data 

1. Drawing 42690-013, Flight Support Facility, OTV Configuration 
Arrangements, Space Operations Oentor 

Description of Activity 

The OTV servicing activity flow chart specified that whenever a subsequent 
OTV mission is urvnanned, the crew module Is separated from the OTV and stored 
on board the SX until the next manned OTV mission. A special store and 
service port was designed where the crew module can be stored as Illustrated 
in the reference drawing. At the end of Activity 8, the crew module was 
attached to the seal pressure port of the SF. Various options were considered 
to transfer the crew mockile from the seal pressure port to the store and 
service port. Hiwever, the activity analysis has shown that the seal pressure 
port can also be utilized as a stow and service port and, if so utilized, will 
eliminate the need for a transfer operation as well as the need for a special 
store and service port. One disadvantage of this procedure is a restriction 
on the mobility of the RCM. Mhenever the RCM is required to swing across the 
SF, the RCM cab must be oriented away from the SF to avoid collision with the 
stored crew module, this condition is clearly implied in the attachment 
describing a crew moc^le traisfer operation in the event this approach was 
found unacceptable by a future analysis. In the meantime, the concept of 
using the seal pressure port as a stow and service port will be adopted as the 
baseline. 

Support Equipment : N/A 
Crew Involvement; N/A 
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SOC Provlsions/Oonflquratlon Impact 

Provisions to maintain the crew module in a state of readiness and its use 
as an additional habitation compartment nust be incorporated into the seal 
pressure port. 
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Spacecraft Design Impact ; N/A 
Ocblter Design impact ; N/A 
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To transfer the crew module to the store and service prot, the following 
major procedural steps are required: 

o Close seal pressure port 

o Demate crew module from seal pressure port 

o Translate crew module (on SF rails) away from seal pressure port 
o Grasp crew module by RCM arm 

o Release latches (PIDA heads) holding crew module to SF supports 
0 Transfer crew module toward store and service port and orient. 

0 Berth crew module to store and service port. 
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Project ; Servicing OTV at SOC 
Activity No 10.0 
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Reference oata 


Drawing 42690-016, Replacement Concepts, Avionics 
-LRU's - Configuration Arrangement, S^ce Operations Center 


Description of Activity 


To remove and replace a LRU module, the activity begins by removing 
the deflective module from the OTV using the handling boom. Ihe handling 
boom transports the defective LRU to the LRU storage compartment and 
hands off to the storage compartment swing arm. Ihe swing arm disposes 
of the defective module by installing it in an empty module slot. Then 
the swing arm reaches over to a new module, removes it from its slot and 
hands it off to the handling boom. The handling boom transports the new 
LRU module to the OTV and installs it in place of the previously removed 
defective module. This activity will be repeated until all defective 
LRU modules are replaced with new ones. 


o Handling Boom 
o Storage Compartment Swing Arm 
Crew Involvement 

One aVA crewman within the SF control module to operate the handling 
boom and the swing arm. 
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see Provlslon/Conflquratlon Impact 


SF provisions that are required for this activity inclucto the 
handling boom, storage compartments for the LRU's and a swing arm for 
each storage compartment. As an initial configuration two storage 
compartments are sufficient for servicing the OTV. 

Spacecraft Design Impact 

The replaceable LRU's must be accessible to and operationally 
compatible with the handling boom and its end effector. The LRU's must 
be similarly compatible with swing arm operations. 

Orbiter Design anpact N/A 
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At the initiation of this activity, the MOTV crew module is berthed to 
the control module seal pressure port and separated from the core 
avionics/propulsion module which is now located at the OTV servicing 
station. The LRU's are housed at the forward end of the core module i^ere 
all avionics components for operating and controlling the OTV are housed. 
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RMCTION (10.0) Replacing LRU's 
item MOTV/OTV 
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gjB-JE CT Basic Configuration Description 
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the LRU's are externally mounted on a skirt that connects the propulsion 
module to the crex module. The skirt houses other elements and components 
of the OTV Internally. Since the forward end of the skirt is totally 
accessible, LRU's could conceivably be located internal to the skirt. 
Kbwever, this condition is dependent on the servicing sequence. 
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FUNCTION 

(10.0) Replacing LRU's 


ITEM 

MOTV/OTV 


(CTKS 




ATTAOtefT 


hctachments of the LRU on the OTV and within the storage conipartnient are 
similar in concept as illustrated apove. Ihe mounting surfce features two 
module restraint pins, a target for the end effector TV camera and two 
floating nuts which accept the captive latch crew of the module. Ihe latch 
screws penetrate the entire module to the opposite side wnere they interface 
witn an adapter fitting as part of the standard grapple end effector. 

Turning the adapter one way will unthread the latch screw and the other way 
to mount the module on the surface. 
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The storage compartment of the LRU s and the assoclted swing arm is 
Illustrated above. A total of 14 units can be stored in one compartment and 
serviced by a single swing arm. Two access doors are provided on the SF to 
facilitate LRU handouts to or fCom either of two handling booms. The swing 
arm features five degrees of freedom and a CCTV camera to allow the swing 
arm operator to observe mounting or dismounting operations. 
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Logistics considerations, such as ease of handling, storage and exchange 
operations were the primary drivers in the selected concept. Ihe typical 
LRU nodule is approximately 1.0m x lU)m x 0.5m in size which can be handled , 
quite easily by the handling ooom and the swing arm . Ihe LRU size is 
cooparable to modules utilized similarly in the Multi Mission Modular 
Spacecraft (H<S) program and it is carr-cible with passage through docking 
ports in the event future SX growth provisions included a repair facility 
for LRU's. In Alternate Method "A", where the entire avionics skirt/adapter 
must be exchanged, the efficiency of LRU usage is considerably less than the 
selected method. 1he nunber of spare units that can be stored is also less 
th»> the selected method. Futhermore, the avionics skirt/adapter may house 
other subsystem components with a different replacement rate requirement 
than the LRU's. On the other hand, alternate Method "B", where component 
replacements are suggested, consumes more time operationally than the 
selected method, requires more spare units to be in storage, and Introudces 
the difficulty of handling smaller units with a grappling end effector. 
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FLMCTIQN (10.0) Replacing LRU's 
itS MOTV/OTV 

METHOD CoBibonent Exchange 

ATTAcmErn- 
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SUBJECT Component of Alternate Method "B” 
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SlRillar operational procedures are required For this metnod as those in 
the selected method except that individual components are exchanged, as 
suggusted by the above sketch, rather than modules as in the selected 
method. Again, this method introduced logistical problems that were not 
introudced in the selected method such as the nunber of tne required spare 
parts. 
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SSWICING ACTIVITY DATA SHEET 

Project: l^scheduled Haintenance/Repair to an OTV at the Service Fixture 
Activity No.; 11.0 
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Reference Data 

1. Grumman, Manned Orbital Transfer Vehicle (MOTV), Vol. 5, Turnaround 
Analysis, Oxitract NAS9-25779 , 7 November 1979 

2. Drawing 42690-015, Flight Support Facility, OTV Redocking Concepts, 
Space Operations Center, November 1980 

3. Drawing 42690-016, Replacement Concepts, LRU's Configuration 
Arrangements, Space Operations Center, December 1960 

Description of Activity 

The activity of unscheduled maintenance/repair for an orbital transfer 
vehicle would involve vehicle components such as avionics module, PCS quad 
engine, vehicle propulsion engine, and damage to surface panels. There are 
three methods to assess or repair operational failure or damage. 1he primary 
method utilizes the handling boom as a transfer agent in conjunction with tne 
OCP as a manned working platform. lhe two secondary methods are the Remote 
Control Module (RCM) arm in conjunction with the OCP, or the Manned 
Maneuvering Lhit (MMU) . Both secondary methods would be backup modes which 
will provide a measure of redundancy to this activity. 

Support Equipment 

o Translation rails on Service Fixture 

0 Wndling Boom & Support Carrier 

0 Cherry Picker 


PJ9 
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o RCH Arn 

0 MtJ 

o Uj^tlng & CCTV 
Crew Involvement 

IVA: One nan operating service fixture handling boom from service control 

EVA: one nan to operate cherry picker 
see Provisions/Confiquration Impact 

The translation system, with its capability to handle equipment during 
buildup or service to an OTV operation, is a required provision of the service 
fixture assembly. The translation system and its handling boom are discussed 
in Activity No. 3.0. This activity also requires storage provisions for the 
cherry picker when not in use, and for spare items on a logistics cradle. 
Lighting and CCTV must be incorporated into the service fixture operational 
system. 

Spacecraft Design Impact 

Unscheduled OTV maintenance operations in space are almost a certainty. 

To accommodate these activities as many OTV components as possible, such as 
engines, skin paneJs and onboard propellant tanks, must be designed to be 
easily removed and replaced in space while the OTV is berthed to the service 
fixture. On the other hand, the provision of such an operational flexibiltiy 
may be too costly to Implement, when compared to a system that would require 
replacement, repair or modification made at an earth based facility. A 
comprehensive trade study would be required to determine a feasible OTV 
configuration along these guidelines. 

Orblter Design Impact: None 
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The SOC configuration at the initiation of this activity is shovin 
above. 1he crew or payload module and the core propulsion module are 
berthed on the service fixture and sufficient spare parts to perform the 
activity are stored either within specially designed compartments within the 
service fixture or at a logistics cradle berthed to one of the SOC ports as 
shown. 
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SERVICING ACnVlTY DATA 


11^ OTV Unscheduled Maintenance/Repair 
ITEM OTV/SF 

METHOD Translating Handling Boom 
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Operation Procedure 

o With SF handling boom and manned cherry picker, remove damage 
component (RCS quad, propellant engine, skin panel, etc.) 

o Transport part to logistic cradle and secure 

o Pickup replacement and transport to OTV for attachment 

o Activate latches, mechanisms or systems to mate replacement part to 
orbital vehicle 

o Verify mating interface 

• 0 Oieckout complete functional system 
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Operation Procedure 

The service fixture handling boom translates along rails supported by 
the SF structure . A boom moving along these rails can perform work 
functions at or around vehicles berthed along the system. To aid in tnese 
tasks, a cherry picker can be supported from the end effector of the boom. 

An astronaut in the cherry picker has the capability to control the complete 
system to facilitate all work assignments within the reach limits of the 
booms. 
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function <0 OTV tJnscheduled Maintenance/Repair 

ITEM OTV/SF 

METHOD «;f Hand! inn Bnnm Rgach Limits 
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SUBJECT Description of Selected Method ; 



Operation Procedure 

The service fixture as configured can acconnodate more than one handling 
txxxn. This arrangement would allow more than one operation to be performed 
simultaneously. As shown above, a two track system may be utilized to aid 
in the overall service/repair operations associated with an OTV. A system 
configured in this manner has the capability of servicing parallel or tandem 
type OTVs. 
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11.0 OTV Unscheduled Maintenance/'Repair 
ITFM OTV/SF 

MPIHOD n/A 
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SlBsCCT Rationale for Selected Method 


The selected method to perform unschediled maintenance/repalx of an OTV, 
was bac-Uned primarily because the handling boom/cherry picker conbination 
is available, and it can utilize the most direct transfer path. The boom 
also provides the most accurate operation, sLnce it is anchored to the 
service fixture and all assenbly operations. Using this combination as the 
primary method allows the secondary systems; the remote control module (RCM) 
and the MMU to perform other operations simultaneously within the SOC and 
service fixture circle of activity. 

The alternative method using the RCM can also perform this activity 
adequately. However, its assignment as a backup method would allow it to 
perfomi other functions associated with large space construction. The MMU 
has good maneuverability but co<jld be limited in servire/handling of other 
than small components during exchange/repair operations. 
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aratlon Procedure 

o RCH with manned cherry picker removes OTV component engine or panels 

o Transport part to logistics cradle and secure part 

o Pick up replacement and transport to respective area on OTV and 
attach. 

o Checkout to verify mail attachment and operation. 
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11.0 OTV Unscheduled Maintenance/Repair 
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fCTHQO Manned Maneuvering Unit 
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SUBJECT Description of Alternate Method "8" 



Ihe utilization of an MMU in a service/repair mode would primarily 
consist of visual inspection and damage assessment. The performance of 
actual component exchanges from an MMU requires the astronaut to have all 
necessary tools, equipment, and MMU retention tie-downs on hand to execute 
basic exchange operations. 
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Refei-ence Data 


Rockwell Drawing 4269CMI15, 016 
Description of Activity 

0 SX is docked to the orbiter on service tnodule-1 


ftyload is located in orbiter payload bay with the OTV interface 
forward 

Payload is deployed from the payload bay using a single PIOA 
deployment aid. Dual PIOA deployment may be used where the payload 
length would dictate 

Payload is grasped by the OTV handling boom end effector at a grapple 
fixture normal to the PIOA interface 


Payload is released from the PIOA, rotated 160<* about the end 
effector roll axis and relocated next to the inboard side of the SF 

Payload is berthed onto the SF support cascier PIOA head interface 
and released from the OTV handling boom 

NOTE: If the payload is located in the payload bay with the Orv 
- interface aft, the PIOA head would be required to rotate the 
payload 180*’ in roll prior to Activity 15.0. 


Crew Involvement; 


PIOA, OTV handling boom, support carrier interface 
IVA - Orbiter and SX operations 
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SOC Provlslons/Conflouratlon Impact 

The OTV support carrier with PIOA-head pickup is utilized to secure the 
payload to the ST. The OTV handling boom with end effector provides the 
transport from the orPiter to the SF. Control for these operations is 
accomplished from the flight support servicing control center located in the 
SF support adaptor. 

ftyload Design Impact 

PIOA interfaces are required for deployment from the orbiter payload bay. 
The same Interface will be utilized to secure the payload to the SF support 
carrier fittings. 

A grapple fixture is required to interface with the SF OTV handling boom. 
Orbiter Imoact 

PIOA devices are required for the payload deployment operation. 
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Significant Servicing Features 

0 Service fixture (SF) module provides operating structure and 
support carriers for OTV payload handling and assembly 

o OTV handling boom on translation rails provides on-site 

manipulation of OTV components including payload module. Boom 
incorporates RMS type end effector. Boom is located on SF as shown 
in View A-A above. 
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FlffCriGN Transfer OTV Payload to SF 
ITEM 


METKOO OTV Kandlino Boom 


SUB^CT DescrlDtion of Selected Method 
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Descriotlon of Selected Method 


The selected method for transferring the payload from the orblter to the 
SF utilizes the OTV handling boom located on the SF. The boom is located on 
the SF as indicated on the above sketch. This location permits the handling 
boom to reach the payload. Ihe payload is deployed from the orbiter 
utilizing a PIDA device(s). The PIDA interface is utilized both for the 
payload deployment from the orbiter and to secure the payload to the SF via 
the support carrier. The payload is rotated as shown in order to utilize 
the common PIDA attachment interface. , 

The payload is berthed to the support carrier on the SF by a handling 
boom utllzlng appropriate lighting, TV, and alignment aids. 
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FUNCTION Transfer OTV Payload to SF 

ITEM 


METHOD N/A 


SUBJECT Rational and Trade Data 
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The function Inherently requires three separate activities ^deployment 
from the payload bay, transportation to the SF, station, and berthing to tiie 
SF. 


The payload envelope is assumed to be in the range of the maximum 
payload bay diameter, thus, requiring a payload deployment device such as 
the PIOA. The PIDA interface on the payload to accoonodate deployment will 
also be utilized to interface with the SF support carrier, thus, minimizing 
the hardware and interfaces required on the payload. 

Transportation 

The Orblter RMS has insufficient reach capability to transport the 
payload to the SF. The SOC RMS has the reach capability for, transport, 
however, the OTV payload transfer could impact other parallel SX activities 
that require the RCM. 

The OTV handling boom, dedicated to handling and assembly of components 
on the SF, has the reach capability to the PIOA deployment station. 
Consequently, the handling boom was selected for this activity because it 
has sufficient reach capability and will not interfer with other SX 
operations. 

Berthing 

The SX RCM has the capability to berth the OTV payload to the SF 
support carrier. The SF handling boom is also capable of performing this 
function. However, the boom being attached to the SF will provide a more 
positive berthing control operation, and was, therefore, selected to perform 
this function. In addition, use of the boom for this operation will free 
the RCM to perform other functions simultaneously. 
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SOC RCM removes payload from PIOA deployment, transfers payload to SF, 
and berths payload onto the SF support carrier interface. 

RCM has reach capability to make Installation from overhead (upper 
sketch) , where the payload is carried in the orbiter payload bay with the 
Interface aft; or to make installation from underneath (lower sketch) , where 
the payload is carried with the interface forward. The latter method 
requires rotation of the payload 180” during transport in order to align the 
common PICA Interface. 
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SF TROUET- MOUNTED 
BERTH1N6 INTERFACE 
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Support Rails on SF 

a) Trolley Hounted Berthing 

b) PICA Interface 

c) TT-Lights-Reticles 

OTV Handling Boom 

a) End Effector 

b) TV-Lighte 

RCM 

a) End Effector 

b) TV-Ligbts 

Payload Equipment 

a) PIDA Interface 

b) Grapple Fixture 

IVA 

a) Service Fixture Module 

b) RCM Control Module 
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Reference' Data 

Task 4 OwgNo. 42690-14, 42696-17 
Description of Activity 

. The activity assumes the SOC configuration to be as shown in Attachment 1 
where the transfer is routed from the payload bay to a location on the service 
fixture designated as the fueling station. At that point, the Interface 
connection to the pnropulsion core module LO 2 and LH 2 are mated and the 
tanks refilled with the aid of payload bay oack pressure and/or service 
• fixture pumps. 

Support Bquloment 

0 Lines and swing-arm fule connectors on service fixture 
0 Service fixture station-indexing controls 

0 SF lighting and TV 

Crew Involvement 


EVA; Hxie 

IVA; SOC service fixture operator 
SOC Provisions 

0 Longitudinal distribution lines/ valves/ pumps internal to tne service 
facility structure 

0 Single degree of freedom swing-arms to Interconnect with the 
spacecraft tanks external to the s«>'^ice facility 

0 Lighting and TV for viewing the actual Interface as connections are 
made and monitored during the fill cycle 





I 






Spacecraft Design Impact 


Specific standard coordinate locations for fuellng^refuellng 
Interconnections on core module tanks and any other tanks requiring fuel 
transfer - to match fueling station coordinates. 

Ocblter Design Dnpact; Mane 

Attachments 

1. sac Configuration 

2. Selected Method 

3. jtatlonale and Trades 

4. Alternate Method 
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The SOC baseline configuration for fuel transfer is taken from Drawing 
42690-014. 

Fuel is transferred from the payload bay through a short swivel boom to 
hardline routing on the SX; starting at service module 1, up and across to 
the OTV service fl'xture. LX and LH2 are in separate line routings on 
opposite sides of the service module. 
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Ihe see service fixture as described in Drawing 42690-017, is essentially 
utilized on all six external surfaces by spacecraft storage or servicing and 
by OTV handling booms. Routing and interconnect fixtures external to the SF 
structure would impact or provide hazard to other external activities. All 
refuelir^ activity elements are located Inside the structure as described in 
Attachment 2. 
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The fuel distribution along the service fixture conrlsts of H 2 and O 2 
lines routed longitudinally inside the two opposite coi ^rs of the SF. 
Interface branches at one or more refueling stations are routed inside the SF 
for access to either side where the support rails can translate spacecraft for 
servicing. Interface branches could be made as desired to • ne drop tank 
support rails in the same manner while maintaining separation. 
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FUNCTION 17.0 RefUel Core Pn^xils^un Module 
IT^ Branching Interfaces 
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SOC operator translates core module to the select'll refueling station, 
where the tank interfaces are Indexed to match the swing arm (approximately 
32 inches) . A connector actuator actively engages the fluid connector and 
pulls in to make a solid connection. The swing arm has a single axis of 
rotation. When the distribution valve and the tank valve are opened, fuel may 
be transferred. After refueling the swing arm is rotated back completely 
inside the SF structure. Both connector halves are self-sealing poppet 
connectors. 
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Reference Dsla 

The distribution system as shown has the versatility to support functions 
other than core motile refueling. 

If propellant storage tanks were to be incorporated in the service 
fixture: fuel transfer to and from the storage tanks could be made; payload 
bay exc&ss following refueling could be stored in the tanks for future use; 
orbiter refueling schedules need not be tied to the core module scenario; and 
excess vehicle fuel at the time of docking could be stored for reuse. 

Tow refueling stations would permit fuel transfer and direct topping-off 
of drop tank propellants for contingency. 
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Distribution System 

The distribution system described in Attachment 2 is necessary for safe 
refOellng operations. It features maximum separation of 02 and H2 lines to 
ftinimize hazardous conditions in the event leal<age occurs. 

interface Qpnnections 

Connections through the support assently, Attachment A, have an 
advantage of mating accuracy, they also have some oistinct disadvantages: 

1. It requires close proximity connections where leakage could be 
a serious hazard 

2. Routing fuel lines through an interface already requiring data 
and control connections is complex 

3. It requires flexible or telescoping linos that pose difficult 
sealing requirements 

Connections through separate swing arms. Attachment 2, have the 
advantage of maximum separation and of a simplified sealing requirement at 
only one Joint. Disadvantages are: 

1. Slightly less built-in accuracy although the support assembly 
travel requirement is the same as above and the support 
assembly can be extended or letracted to the desired height. 

2. The off-center connection location may not be most convenient 
for all tanks that might be considered. 

These disadvantages are not critical drivers and the method described in 
Attachment 2 was selected as the baseline. 
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The refueling interface to the core module is routed directly throu^ the 
PIOA support assembly. 

Internal service fixture lines are fed up through the support assembly tb 
Interface with the tank connecters at the berthing interface. The connections 
have excellent mating accuracy. Prior to and after refueling, the connection 
device is retracted to the SF surface, so that the support assembly can be 
moved along the translation rails. 
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Reference Data 


1. Grumman, Manned Orbital Transfer Vehicle (MOTV) Volume 5, 
Turnaround Analysis, Contract ^■IAS9-25779 , 7 November 1979 

2. Drawing 42690-013, ^li^t Support Facility, OTV Config. 
Arrangements, Space Operations Center, October 1980 

3. Drawing 42690-015, Flight Support Facility, OTV Redccking 
Concepts, Space O^ratlons Center, November 1980 
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Description of Activity 


Ihxee major tasks comprise the Installation of each OTV drop tank, 
its deployment from the cargo bay, Its transfer to the service fixture 
module and Its berthing to the OTV propulsion core. The selected tank 
installation method Includes one primary method and two secondary ones 
which can be utilized as backup. All three utilize the same tank 
deployment and berthing techniques. They olffer only In the use of a 
tank transfer agent. In the primary metfuid the handling boom Is utilized 
as the transfer agent. In the secondary methods, one utilizes the RCH 
arm as the transfer agent and the other a combination of the RHS and the 
handling tx»m. An alternate method is persented which employs a 
different berthing technique and it also has the option of using anyone 
of the transfer agents utilized for the selected method. In either case, 
the activity assumes that the OTV propulsion core Is located on a protion 
of the SF designated as the OTV assembly station with the necessary 
provisions to perform OTV tank Installation. It begins by a PIOA 
assisted deployment of the tank fom the cargo bay, tranferring It to the 
SF by any of the agents discussed and berthing it directly to the OTV 
propulsion core. 

Construction Support Equipment 

0 Translation Ralls on SF 

o Handling Boom 

0 R»£ 

0 RCM Arm 

0 Manned Remote Working Station - MRWS (Open Cherry Picker - OCP) 
o PIOA 

o Lighting and TV 
Crew Involvement 




IVA: One man for operating the PIOA, and the RMS. One man for 

operating the RCM arm and the handling boom 

EVA: One man to perform structural attachments 
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SOC Provlsions/Conflquratlon Impact 

A translation system by which to move and place ^ OTV propulsion core on 
the OTV assembly station Is a required provision of the service fixture module 
(SF). In addition, the handling boom along with Its own translation system, 
as discussed in Activity 3 would be a required piece of equipment on the SF to 
provide the prlnary cai^lUty for transferring the tanks from the orbiter 
cargo bay to the SF. 

To provide an OTV assembly station, lighting and CCTV provisions must be 
Incorporated Into the SF In addition to the aforementioned equipment. 

Spacecraft Design Impact 

Structural and utility Interface provisions are required to attach each 
tank to the propulslcxi core and integrate their systems. These Interfaces, 
two between each tank and the core, are envisions to be relatively simple 
docklng/berthlng devices similar to the PIDA. To minimize the ninber of 
attachment provisions, the PIOA Interfaces which aided in deploying each tank 
can also be used as Interface to the propulsion core. If so utilized, they 
must also Incorporate the necessary utility provisions. Typical PIOA * 
Interfaces ore illustrated In Attachment 1, Page 4. 

Orbiter Design Impact 

A set of two PIOAs are required on the orbiter to assist in the deployment 
of tne tanks from the orbiter cargo bay. 
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Installation Procedure 

0 Deploy tank 1 from P/L bay using PIDA 

o Grasp tank 1 by handling boom and release PIDA 
0 Transfer tank to SF and orient 
0 Berth tank 1 to OTV core using PIDA head interface 
0 Activate mechanism to mate Interface connections 

0 Verify mating 

0 Deploy tank 2 

o Deploy tank 3 

o Attach structural members between tanks and OTV using EVA 

(Assumptions: Required structural members are stowed on each tank 
in conjunction with the MRWS and the handling boom) 
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Installation Procedure 

o Deploy tank 1 from P/L bay using PIOA 

o Grasp tank 1 by ROM arm and release PIOA 
o Transfer tank to SF and orient 
o Berth tank I to OTV core using PIOA head interface 
0 Activate mechanism to mate interface connections 

0 Verify mating 


Deploy tank 1 OMfCMiKI 

^ P §§1 

Deploy tank 3 

Attach structural members between tanks and OTV using EVA 
(Assunptions: Ftequired Structural members are stowed on each tank 
In conjunction wi^ the MRKS amd the handling boom) 
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Installation Procedure 


Deploy tank 1 from P/L bay using PIDA 

o Grasp tank 1 by RMS and release PIDA 

o Transfer tank 1 to within reach of handling boom 

o Grasp tank 1 by OTV handling boom and release RMS 
o Transfer tank to SF and orient 
o Berth tank 1 to OTV core using PIDA head interface 
0 Activate mechanism to mater interface connections 

o Verify mating 

Deploy tank 2 
Deploy tank 3 

Attach structural members between tanks and OTV using EVA 
(Assumptions: Required Structural members are stowed on each tank 
in conjunction with the MRWS amd the handling boom) 


original page is 
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FUrKTION 18.0 OTV Tank Installatlcf) 
ITEM MOTV/OTV & SF 


ATTAOfCnr 



The interface between the OTV propulsion core and the SF is a two-point 
attachment system consisting of a set of PlOA heads on a translation rail as 
Illustrated above. Ihe passive halves of the PIOA heads are incorporated in 
the propulsion core and the active halves in the SF. Similar two-jx)int 
attachments are required to interface each tank to the propulsion core. 
However, the passive halves are part of the tank and the active halves part 
of the propulsion core. 
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SUBJECT 


The handling boom was utilized in Activity 3 for transferring the OTV 
propulsion core/crew nxidule from its berthing adapter at the end of the SF 
to the translation rail discussed in the previous page. For this activity, 
however, it will be the primary means by which to transfer the OTV tanks 
from the orbiter cargo bay to the SF. It also doubles as a secondary 
method for, the same purpose in conj'jnetion with the RMS. If used in the 
secondary mode, an additional grapple fixture on each OTV tank will be 
required. 


ORIGINAL PAGE IS 
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Rationale for Selectsd Method 


In the selected methods, primary and secondary, the tank transfer 
operation from the cargo bay to the SF relies heavily on available equipment 
that was required for other activities and operations. As such It does not 
require additional equipment specifically dedicated to this activity. Of 
the three transfer agents available for this operation, the handling boom 
was designated as the primary agent because Its use provides the most direct 
transfer path. In addition, because the boom is anchored on the SF where 
assembly operations are being performed , berthing accuracy limits can best 
be controlled by the boom. Designating the boom as the transfer agent also 
allows the RCM arm (and the RMS) to perform other functons simultaneously 
with OTV tank Installation operations. 

The alternate method , as Illustrated In Attachment D) , utilizes a 
different berthing approach than the selected methods. In this cose, the 
tank Is berthed to the translation rail rather than directly to the 
propulsion core. By this approach, the rail system could double as an 
alignment fixture for mating each tank to the core and automate the 
attachment operation. However, berthing each tank on the rail system is 
similar to berthing It on the core. Consequently, no advantage Is realized 
by using the alternate approach. In addition, the selected method of mating 
two bodies In a two-point attachment was discussed with NASA M)F personnel 
where a similar test was conducted In which a large payload was berthed to 
two PIOAs. The conclusion of the test was that the operation Is quite 
feasible. 
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The same tank transfer methods utilized by the selected method of 
installing OTV tanks also apply to this alternate. Only the use of the RCM 
arm as a transfer agent as presented' for brevity. 

Installation Procedure 

o Deploy tank 1 from P/L bay using PIDA 

0 Grasp tank 1 by RCM arm and release PIDA 
0 Transfer tank 1 to far side of SF and orient 
0 Berth tank 1 to SF rail system 
o Translate tank 1 to OTV assembly station 
0 Activate mechanism to mate structural and utility 

interfaces 
o Verify mating 

0 Rotate OTV core 120” until tank 1 is in the tank 2 
position 
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o Deploy tank 2 fron PA. bay using PlOA 

, o Grasp tank 2 by RCM arm and release PIOA 

o Transfer tank 2 to near side of SFM and orient 

o Berth tank 2 to near side of SPM rail system 

o Translate tank 2 to OTV assembly station 

o Activate mechanism to mate structural and utility 
Interfaces 

o Verify mating 

o Rotate OTV core 12Qo back to its starting position 

0 Deploy tank 3 from P/L bay using PIOA 

o Grasp tank 3 by RCM arm and release PIDA 

o ITanslate tank 3 to near side of SFM and orient 

o Berth tank 3 to near side of SFM rail system 

o Translate tank 3 to OTV assembly station 

o Activate mechanism to mate structural and utility 

interfaces 

o Verify mating 

0 Attach structural members between tanks and OTV using EVA 

(tesumptions; Required structural members are stowed on each tanw) 
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